Appendix A

Emissions Estimation M ethods For Selected Sour ce Categories



Appendix A presents the emissions estimation methods and references used for each
source category for which estimates are based partially or entirely on: (1) non-TRI data, and /or
(2) modified TRI data. The documentation is presented al phabetically by source category name.
Sources of non-TRI datainclude MACT development programs, EPA and industry reports, and
trade associations. For the source categoriesin Appendix A that are only partially based on
non-TRI data, some of the estimates are from TRI and were extracted using SIC Codes. These

include:

. Aerospace Industries;
. Asphalt Concrete Manufacturing;

. Asphalt Roofing Manufacturing;

. Boat Manufacturing;

. Clay Products Manufacturing;

. Electrometallurgical Products Manufacturing;
. Inorganic Pigments Manufacturing;

. Lime Manufacturing;

. Miscellaneous Organic NESHAP,

. Pharmaceuticals Production;

. Pastic Parts and Products Surface Coating;

. Primary Aluminum Production;

. Primary Battery, Dry and Wet Manufacture;

. Primary Lead; and
. Wood Preserving.

This appendix does not provide documentation for source categories with estimates based

entirely on unmodified TRI data. These source categories appear in Appendices B and C.
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Although this appendix also describes estimation of both Section 112(k) and non-112(k)
HAPs, Appendices B and C will only present TRI datafor Section 112(k) HAPs.
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APPENDIX A: NATIONAL ESTIMATES -Acrylic Fibers/Modacrylic Fibers Production

Methodology:

The estimate for this source category was provided by U.S. EPA/ESD. There are 4 facilities that produce acrylic
fibersmodacrylic fibers and emit acrylonitrile (Wayne, 1997):

Facility L ocation Emissions StateFIP  County FIP
Amoco Polymers Greenville, SC = 20.2 tpy 45 045
Sterling Milton, FL 53.45 tpy 12 113
Monsanto Decaur, AL 74.8 tpy 01 103
Hexcel Decaur, AL 134 tpy 01 103
TOTAL 149.79 tpy

References

Wayne, T. U.S. Environmental Protection Agency, Emission Standards Division. Personal communication with R.
Billings, Eastern Research Group, Inc. Emission estimates and facility locationsfor Acrylic Fibers/ Modacrylic
Fibers Production. August 8, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Aerospace Industries

Methodology:

Thetotal nationa estimates from both major and area source facilities were speciated to individual HAP estimates through
guidance from EPA memoranda.*® Depainting, Chemica Milling Maskant, Spray Gun Cleaning, Hand-wipe Cleaning, and
Primer and Topcoat Operations are the main processes for HAP emissions under the Aerospace IndustriesMACT. The
following table outlines how the total HAP estimates were derived:

Total HAPsEmitted (tons HAP/year)

Plat Size Primer and Topooat De- Chemicd Soray Gun | Hand-wipe | Inorganic Total

Operations (Ref.5) | painting | Milling Maskant Cleaning Cleaning HAPs

(Ref. 1) (Ref. 3) (Ref. 3) (Ref. 4) (Ref. 2)

Smdl Commercid 701 602 Not Applicable 395 5,799 0.07 7,687.07
Smal Military 190
Medium Commercia 1853 4,862 2,262 613 177,828 0.16 188900.16
Medium Military 1,482
Large Commercial 178 333 1,099 9 9,39 0.02 11,176.02
Large Military 161
Total Mgor (Ref 1-5) 4,565 5,797 3,361 1,017 193,023 025 20776325
Total Area(Re 6) 7,779
Total HAP Etimate 215542.25

A tableillustrating the speciated HAP estimates for the above non-TRI estimates are provided on thenext page. The remaining
HAP estimates for Aerospace Industries were taken from the TRI database” based on the following SIC Codes: 3724 (Aircraft

Engines And Engine Parts), 3721 (Aircraft), 3728 (Aircraft Parts And Equipment, Nec).

References

1

U.S Environmental Protection Agency. National Emission Standard For Hazardous Air Pollutants (NESHAP) for the

Aerospace Industry - Background Information for Proposed Standards. Preliminary Draft. Research Triangle Park,
NC. April 1994.

Hendricks, David. Pacific Environmental Services, Inc. Memorandum to Vickie Boothe, U.S. Environmental

Protection Agency, Office of Air Qual ity Planning and Standards. “Nationwide Environmental Impacts for the
Control of Primer and Topcoat Inorganic Emissions, Degpainting Inorganic Emissions, Wastewater Emissions, Storage
Tank Emissions, and Waste Emissions.” February 15, 1994.

Memo from Dave Reeves, Midwest Research Intitute to Barbara Driscoll, U.S. Environmenta Protection Agency,

Office of Air Quality Planning and Standards regarding HAP emission estimates for aerospace surface coating.
November 11, 1997.

Memo from Dave Reeves, Midwest Research Intitute to Barbara Driscoll, U.S. Environmenta Protection Agency,

Office of Air Quality Planning and Sandards regarding HAP emission estimates for aeraspace surface coating.
Novermber 17, 1997.

Group. Subject: Emissions from aerospace surface coating. November 18, 1997.

Pope, U.S. EPA. “Area Source Emissions for the Aerospace Industry.” October 27, 1998,

EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.
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APPENDIX A: NATIONAL ESTIMATES - Aerospace Industries

Methodology:
Emissions from Aerospace Industries (Surface Coating)

EPA provided national solvent usage for Hand-wipe Cleaning at M ajor facilities. Using this information,aHAP Speciation Profile
for Handwipe Cleaning can be calculated:

Solvent

Usage
HAP (gallons) %HAP
16-PAH (Naphthalene) 6,894 0.8%
Benzene 56 0.01%
Glycol Ethers 5,497 0.7%
Hexane 6,203 0.8%
M ethanol 445 0.1%
M ethyl Chloroform 95,386 11.7%
M ethyl Ethyl Ketone 509,886 62.7%
M ethyl Iso butyl Keto ne 6,639 0.8%
M ethylene Chloride 50,430 6.2%
Tetrachloroethylene 736 0.1%
Toluene 69,206 8.5%
Trichloroethylene 54,749 6.7%
Xylene 7,229 0.9%

Total| 813,356.00 100.00%

The process-level information provided by EP A are for M ajor Source facilities. However, because a national area source estimate
was provided (7,779 tpy), the total Area source process-level information can be estimated using a scaling factor:

Total HAP Total HAP Total HAP
Estimate Estimate Estimate
from M ajor Scaling from Area (M ajor and
Process Sources Factor Sources Area)
Depainting 5,797.00 0.0374 217.05 6014.05
Chemical Milling M askants 3,361.00 0.0374 125.84 3486.84
Spray Gun Cleaning 1,017.00 0.0374 38.08 1055.08
Hand-wipe Cleaning 193,023.00 0.0374 7227.10 200250.10
Primer and Topcoat Op. 4,565.00 0.0374 170.92 4735.92
Inorganic HAPs 0.25 0.0374 0.01 0.26
Total HAP 207,763.25 7779.00 215542.25

Example Calculation: M ethlyene Chloride Total Estimate = (100%*6014.05 tpy Depainting)+(6.2%*200,250.10 tpy Hand-wipe Cleaning)
M ethlyene Chloride Total Estimate = 18,430 tpy

Primer
Chemical and Total HAP | TotalHAP
M illing Spray Gun Hand-wipe Topcoat |Inorganic| Estimate Estimate |TotalHAPs
HAP Depainting M askant Cleaning Cleaning Op. HAPs (M ajor) (Area) (tpy)

1,4-Dioxane 4% 182.60 6.84 189.44
16-PAH (Naphthalene) 0.8% 1,636.06 61.26 1,697.32
Arsenic Compounds 1% 0.00 0.00 0.0026
Benzene 0.01% 4% 195.89 7.33 203.22
Cadmium Compounds 1% 0.00 0.00 0.0026
Chromium Compounds 90% 0.23 0.01 0.2334
Cobalt Compounds 1% 0.00 0.00 0.0026
Ethyl Benzene 10% 456.50 17.09 473.59
Formaldehyde 4% 182.60 6.84 189.44
Glycol Ethers 0.7% 4% 1,487.13 55.68 1,542.81
Hexane 0.8% 1,472.08 55.12 1,527.19
Lead Compounds 5% 0.01 0.00 0.0130
M ercury Compounds 1% 0.00 0.00 0.0026
M ethanol 0.1% 105.61 3.95 109.56
M ethyl Chloroform 11.7% 4% 22,819.30 854.39 23,673.69
M ethyl Ethyl Ketone 7% 9% 62.7% 10% 121,788.71 4,559.97 126,348.68
M ethyl Iso butyl Ketone 7% 0.8% 10% 2,267.32 84.89 2,352.21
M ethylene Chloride 100% 6.2% 17,764.88 665.15 18,430.03
Nickel Compounds 1% 0.00 0.00 0.0026
Tetrachloroethylene 50% 0.1% 1,855.17 69.46 1,924.63
Toluene 25% 11% 8.5% 25% 18,520.81 693.45 19,214.26
Trichloroethylene 6.7% 12,992.85 486.47 13,479.33
Xylene 11% 80% 0.9% 25% 4,035.50 151.10 4,186.60
Total 100.00% 100.00% 100.00% 100.00% 100.00% | 100.00% | 207,763.25| 7,779.00 | 215,542.25
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APPENDIX A: NATIONAL ESTIMATES -Animal Cremation

Methodology:
Summary of Emission Estimation Method for Animal Cremation

The 1990 nationa emission estimates for arsenic, beryllium, cadmium, chromium, formaldehyde, mercury, nicke,
and POM (as 16 PAH) were developed by multiplying an emission factor by a nationa activity estimate (see table).
Emission factors for these hazardous air pollutants, except formaldehyde, were taken from the State of California
Air Resources Board Test Report No. C-90-004 (Reference 1). The emission factor used for formaldehyde was
reported in the USEPA FIRE System Database (Reference 2). Emission factors were converted to apound per ton
basis using the procedure provided by the Emission Standards Division (Reference 3). The emission factor for
POM (as 7 PAH) wastaken from the 112(c)(6) report (Reference 4). National activity was provided by the
Emission Standards Division (Reference 3) based on information reported in the 112(c)(6) report (Reference 4).

References:

1. State of California Air Resources Board, Engineering Evaluation Branch, Monitoring and Laboratory
Division. "Evaluation Test on Two Propane Fired Crematories & Camellia Lawn Cemetery." Test Report
No. C-90-004. October 29, 1992.

2. U.S. Environmental Protection Agency. Fector Information Retrieval (FIRE) System Database, Version
5.1a. Research Triangle Park, North Carolina. September 1995.

3. Crume, Richard, U.S. Environmental Protection Agency, Emission Standards Division. Noteto Anne
Pope, U.S. EPA/Emissions Monitoring and AnalysisDivision. Commentson Anima Cremation
information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final
Report," September 18, 1998. October 30, 1998.

4. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Animal Cremation

Methodology:

Nationwide Emissions from Animal Cremation, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/ton cremated) Reference (tons cremated/year) (tons/year)
arsenic 4.00E-04 Reference 2, 3 8.00E+04 1.60E-02
beryllium 1.84E-05 Reference 2, 3 8.00E+04 7.36E-04
cadmium 1.48E-04 Reference 2, 3 8.00E+04 5.92E-03
chromium 3.99E-04 Reference 2, 3 8.00E+04 1.59E-02
formaldehyde 2.89E-09 Reference 2, 4 8.00E+04 1.16E-07
mercury 4.39E-02 Reference 2, 3 8.00E+04 1.75E+00
nickel 5.09E-04 Reference 2, 3 8.00E+04 2.04E-02
POM as 7-PAH 1.03E-09 Reference 1 8.00E+04 4.12E-08
POM as 16-PAH 9.63E-04 Reference 2, 3 8.00E+04 3.85E-02

References:
1.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and

Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

. Crume, Richard, U.S. Environmental Protection Agency, Emission Standards Division. Note to

Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Human
Cremation information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. October 30, 1998.

. State of California Air Resources Board, Engineering Evaluation Branch, Monitoring and

Laboratory Division. "Evaluation Test on Tw o Propane Fired Crematories at Camellia Law n
Cemetery." Test Report No. C-90-004. October 29, 1992.

. U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database,

Version 5.1a. Research Triangle Park, North Carolina. September 1995.
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APPENDIX A: NATIONAL ESTIMATES - Asphalt Concrete Manufacturing

Methodology:
Summary of Emission Estimation Method for Asphalt Concrete Manufacturing

The 1990 baseyear emission estimates for benzene, chromium, ethylbenzene, toluene, and xylenes were taken from
the Toxic Release Inventory database (SIC Code = 2951, SIC Description = Asphalt Paving Mixtures and Blocks,
reference 1). “Locating and Estimating Air Emissions from Sources of Lead and Lead Compounds,” provided a
1990 emission estimate for lead compounds (reference 2). The base year estimate for polycyclic organic matter as
16-PAH is as reported in the “ 1990 Inventory of Section 112(c)(6) Pollutants,” (reference 3). The estimate for 7-
PAH was taken from the 112(c)(6) Inventory (reference 3). The following pollutants were excluded from the
baseyear report, based on information supplied by U.S. Environmenta Protection Agency (reference 4):

Hydrochloric acid Asbestos
Cumene Bis (2-ethylhexyl) phthalate
Styrene Methy! chloroform (1,1,1-trichloroethane)
Ethylene Glycol Epichlorohydrin (1-chloro-2,3-epoxypropane)
Dibutyl phthalate.
References:
1. U.S. Environmental Protection Agency. Toxic Release Inventory 1987-1995 CD ROM (1990 data)

database. August 1997. EPA 749-C-97-003. Research Triangle Park, North Carolina.

2. U.S. Environmental Protection Agency. Locating and Estimating Air Emissions from Sources of Lead and
Lead Compounds. Draft Report. Research Triangle Park, North Carolina. July 1996.

3. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachl orodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

4, Johnson, Mary, U.S. Environmental Protection Agency. “Inventory Info.” Email to Darcy Wilson, Eastern
Research Group. July 20, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Asphalt Roofing Manufacturing

Methodology:

The estimatesfor Polycyclic Organic Matter as 16-PAH and 7-PAH were taken from the 112(c)(6) inventory (EPA,
1997).

The remaining estimates are fromthe TRI database, SIC Code =2952, SIC Description = Asphalt Feltsand
Coatings.

Reference

U.S. Environmenta Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA-749-C-97-003. Research Triangle Park, North Carolina. August 1997.
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APPENDIX A: NATIONAL ESTIMATES - Autobody Refinishing Paint Shop

Methodology:
Lead

The estimate for lead emissions were taken fromthe L& E report (U.S. EPA, 1996) for: large and small
paint application shops and paint application where no spray booth is used. Lead emissions are controlled
by the use of baffle plates, filter pans, and water curtains (U.S. EPA, 1996).

References

U.S. Environmenta Protection Agency. Locating and Estimating Air Emissions from Sources of Lead and
L ead Compounds. Draft Report. Research Triangle Park, North Carolina. July 1996.
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APPENDIX A: NATIONAL ESTIMATES -Aviation Gasoline Distribution: Stage | & Il

Methodology:
Aviation Gasoline Distribution

Alkylated lead estimates were taken fromthe Draft Lead L& E. These akylated lead values were put in terms of

lead based on information in the L& E which noted that for both tetraethyl lead (TEL) and tetramethyl lead (TML),
39.39 percent of dkylated lead is elemental lead.

Reference

U.S. Environmenta Protection Agency. Locating and Estimating Air Emissions from Sources of Lead. Draft
Report. Research Triangle Park, North Carolina. February 1997.
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APPENDIX A: NATIONAL ESTIMATES -Boat Manufacturing

Methodology:

All HAP estimates for the Boat Manufacturing source category were developed using 1990 data from the Toxic
Release Inventory (TRI) database! for two SIC Codes: SIC Code 3731 (Ship Building and Repairing) and 3732
(Boat Building and Repairing)?. Using these data, some of the reported estimates were (1) corrected because of
known under-reporting in TRI, or (2) adjusted to avoid doublecounting with the Ship Building and Ship Repair
(Surface Coating) MACT source category based on guidance from EPA. These adjustments are described below.

Correction of styreneand MMA for known under -reporting

Baseline 1990 estimates for styrene and MM A emissions were under-reported in both SIC Codes 3731 and 3732.
The styrene emission factor used by facilities reporting to TRI was off by afactor of two?. Therefore, the TRI data
reported for styrene were multiplied by two. Because MMA isintegral to fiberglass boat manufacturing and
typically coexists with styrene, an underestimation of these emissions is assumed and the estimates reported in TRI
have been doubled as well.

Adjustmentsto avoid double-counting with Ship Building and Ship Repair (Surface Coating) NESHAP
According to EPA, the Ship Building and Ship Repair NESHA P addresses emissions from 29 ship building and
repair facilities, with the exception of the styrene and MMA emissions® 4. Thestyrene and MM A emissionsfrom
these 29 facilities, along will all other facilities reporting under SIC Code 3731 are a part of the Boat Manufacturing
source category. Additional pollutantsfor these other facilitiesinclude:

Acrylonitrile Chromium Ethylene Glycol Manganese

Methyl Chloroform Methylene Chloride Nickel

References

1. U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).

EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.

2. Memorandumfrom ERG to Ms. Anne Pope, “May 26, 1998 Meeting Summary - Coatings and Consumer
Products Group,” June 10, 1998.

3. U.S. Environmental Protection Agency. A Guidebook on How to Comply with Shipbuilding and Ship
Repair (Surface Coating) Operations National Emission Standards for Hazardous Air Pollutants. EPA
453/B-97-001. January 1997.

4, Telephone conversation between Dr. Mohamed Serageldin, EPA, and Regi Oommen, ERG, Inc. July 22,
1998.
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APPENDIX A: NATIONAL ESTIMATES -Cadmium Refining and Cadmium Oxide Production

Methodology:

Approach:

1990 estimate of emissions from manufacturing of cadmium compounds are from the document “Locating and
Estimating Air Emissions From Sources of Cadmium and Cadmium Compounds”, July 1995. Thisdocument
includes emissions estimates for the following: cadmium refining & cadmium oxide production, cadmium
stabilizers production, use of cadmium stabilizers for plastics, other cadmium compound production, and cadmium
electroplating. Individual tables in the L & E identify, by process, each company and location reporting cadmium
emissions in the 1990 Toxic Chemicals Release Inventory (TRI). Spatial allocation of these estimates was based on
the location of thefacilities identified on Table 4-3 inthelL & E.

References:
U.S. Environmental Protection Agency. Locating and Estimating Air Emissions From Sources of Cadmium and

Cadmium Compounds. Sections 4 and 5. From the: Air CHIEF CD-ROM, Version 4.0. EPA-454/C-95-001.
Research Triangle Park, North Carolina. July 1995.
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APPENDIX A: NATIONAL ESTIMATES -Cadmium Refining and Cadmium Oxide Production

Methodology:

Cadmium Cadmium State County
Emissions Emissions FIP FIP

Facility Name Facility Location (Iblyr) (ton/yr) Code Code

Asarco Inc Globe Plant Denver, CO 396 0.198 08 031

Big River Zinc Corp Sauget, IL 1896 0.948 17 163

Jersey Miniere Zinc Clarksville, TN 500 0.25 47 125

Zinc Corp of America Bartlesville, OK 6472 3.236 40 113

1990 Annual Emission Estimate = 4.632tons cadmium compounds from cadmium refining & cadmium oxide production
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APPENDIX A: NATIONAL ESTIMATES - Cadmium Stabilizers for Plastics

Methodology:

Approach:

1990 estimate of emissions from manufacturing of cadmium compounds are from the document “Locating and
Estimating Air Emissions From Sources of Cadmium and Cadmium Compounds’, July 1995.  This document
includes emissions estimates for the following: cadmium refining & cadmium oxide production, cadmium
stabilizers production, use of cadmium stabilizersfor plastics, other cadmium compound production, and cadmium
electroplating. Individual tablesintheL & E identify, by process, each company and location reporting cadmium
emissions in the 1990 Toxic Chemicals Release Inventory (TRI). Spatial allocaion of the estimates was based on
thelocation of the facilitiesidentified on Table5-4 intheL & E.

References:

U.S. Environmental Protection Agency. Locaing and Estimating Air Emissions From Sources of Cadmium and
Cadmium Compounds. Sections4 and5. From the: Air CHIEF CD-ROM, Version 4.0. EPA-454/C-95-001.
Research Triangle Park, North Carolina. July 1995.
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APPENDIX A: NATIONAL ESTIMATES - Cadmium Stabilizers for Plastics

Methodology:

Cadmium Cadmium State | County

Emissions Emissions FIP FIP
Facility Name Facility Location (Iblyr) (ton/yr) Code Code
Rohm & Haas Bristol, PA 5 0.0025 42 017
Gencorp Polymer Products New comerstow n, OH 10 0.005/39 157
General Bectric Plastics Selkirk, NY 16 0.008 36 001
Synthetic Products Co* Stratford, CT 261 0.1305 09 001
Synthetic Products Co Cleveland, OH 500 0.25 39 035
Monsanto Company Addyston, OH 11 0.0055 39 061
General Blectric Chemicals Washington, WV 2 0.001 54 107
Huls America, Inc Mountain Top, PA 250 0.125 42 079
Franklin Burlington Plastics Burlington, NJ 500 0.25 34 005
O'Sullivan Corp Lebanon, PA 10 0.005/42 075
O'Sullivan Corp Winchester, VA 10 0.005/51 840
O'Sullivan Corp Yerington, NV 10 0.005/32 019
Gary Corp Leominster, MA 94 0.047|25 027
North America Plastics Prairie, MS 10 0.005 28 095
Vytron Corp Loudon, TN 250 0.125 47 105
Standard Products Co Winnsboro, SC 5 0.0025 45 039
RJF International Corp Marietta, OH 10 0.005/39 167
Achilles USA, Inc Bverett, WA 35/ 0.0175 53 061
IPC Corinth Division, Inc Corinth, MS 250 0.125 28 003
B.F. Goodrich Pedricktow n, NJ 52 0.026 34 033
Regalite Plastics Corp New ton Upper Falls, MA 10 0.005|25 017

1990 Annual Emission Estimate 1.1505 tons cadmium compounds from use of cadmium stabilizers for plastics.
* = Synthetic Products Company has tw o plants in Stratford, CT
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APPENDIX A: NATIONAL ESTIMATES - Cadmium Stabilizers Production

Methodology:

Approach:

1990 estimate of emissions from manufacturing of cadmium compounds are from the document “Locating and
Estimating Air Emissions From Sources of Cadmium and Cadmium Compounds”, July 1995. Thisdocument
includes emissions estimates for the following: cadmium refining & cadmium oxide production, cadmium
stabilizers production, use of cadmium stabilizers for plastics, other cadmium compound production, and cadmium
electroplating. Individual tables in the L & E identify, by process, each company and location reporting cadmium
emissions in the 1990 Toxic Chemicals Release Inventory (TRI). Spatial allocation of the estimates was based on
the location of thefacilities identified on Table4-9inthelL & E.

References:
U.S. Environmental Protection Agency. Locating and Estimating Air Emissions From Sources of Cadmium and

Cadmium Compounds. Sections 4 and 5. From the: Air CHIEF CD-ROM, Version 4.0. EPA-454/C-95-001.
Research Triangle Park, North Carolina. July 1995.
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APPENDIX A: NATIONAL ESTIMATES - Cadmium Stabilizers Production

Methodology:

Cadmium |Cadmium State  County
Facility Facility Emissions Emissions AP FP
Name Location (Iblyr) (tonl/yr) Code Code
Akzo Chemical Inc New Brunsw ick, NJ 500 0.25 34 023
Witco Corp., Argus Div Brooklyn, NY 5560 2.78 36 047
Ferro Corp Bedford, OH 500 0.25 39 035
Rohm & Haas Delaw are Bristol, PA 5 0.0025 42 017
Synthetic Products Co Stratford, CT 251 0.1255 09 001
Synthetic Products Co Cleveland, OH 500 0.25 39 035
Vanderbilt Chemical Corp Bethel, CT 31 0.0155 09 001
1990 Annual Emission Estimate = 3.6735 tons cadmium compounds from cadmium stabilizers production
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APPENDIX A: NATIONAL ESTIMATES - Carbamate Insecticides Production

Methodology:
16-PAH

Thereis1 facility (U.S. EPA, 1997).

The estimate comes from the 112(c)(6) report (U.S. EPA, 1997).

Control device information was unavailable.

References

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic M atter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated

Biphenyl Compounds (PCBs), Hexachlorobenzene, M ercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Carbon Black Production

Methodology:

The basdine estimates for mercury, 16-PAH and 7-PAH came from the 112(c)(6) report. The method for

calculating cadmium compounds is presented on the following page based on the Cadmium Locaing and Estimating
Document.

REFERENCES

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. U.S. Environmental Protection Agency. Locating and Estimating Air Emissions from Sources of Cadmium
and Cadmium Compounds. Final Report. Research Triangle Park, North Carolina. Septermber 1996.
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APPENDIX A: NATIONAL ESTIMATES -Carbon Black Production

Methodology:
TABLE 8-5. CARBON BLACK PRODUCTION FACILITIES {Cadmium L&E}

Type of Capacityb
Location processa (106 1b)
Frabklin, LA F 310
Pampa, TX F 70
Villa Platte, LA F 280
Waverly, WV F 180
Cedar Bayou, TX A 20
Aranas Pass, TX F 125
Belpre, OH F 130
New lIberia, LA F 200
Melvindale, M C 8
Los Angeles, CA C 1
Hiw assee, VA C 1
Baytow n, TX F 225
Borger, TX Fand T 175
Orange, TX F 135
H Dorado, AR F 110
Moundsville, WV F 170
North Bend, LA F 240
Ulysses, KS F 80
Addis, LA F 145
Big Spring, TX F 115
Borger, TX F 215
Phenix City, AL F 60
Ponca City, OK F 145
Sunray, TX F 100
TOTAL 3240
aA = acetylene decomposition Non Furnace Total 30
C = combustion
F =furnace Non Furnace Percent of Total 0.93
T = Thermal

Emission factor (oil furnace process only)
1.00E-04 Ib/ton

Emission Estimate (oil furnace process only)

(1) Calculate production: total for all minus production total for non oil furnaces
=3240-30=|3210 million pounds Carbon Black Produced

(2) Convert production: 3210 million pound to tons per year
3210000000 | Ibs X (1Ton/2000Ibs)
1605000 tons/year

(3) Calculate Emission Rate: Multiply production x emission factor
=1.61E+06 x 1.00E-04 Ib/ton produced
160.5 Cadmium Emission Rate (Ib/year)
Convert to tons/year = 160.5/2000
8.03E-02 Cadmium Emission Rate (tons/year)
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APPENDIX A: NATIONAL ESTIMATES -Carbon Reactivation Furnaces

Methodology:
Emission estimates for 2,3,7,8 TCDD as TEQ were taken from the 112(c)(6) report.

REFERENCES

(112(c)(6) Report)

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: ABS Resins

Methodology:

Approach:
National emissions were estimated by multiplying emission factors for ABS resin production by total national ABS

resin production. The emission factors were obtained fromthe FIRE database.! Total national ABSresin
production was available for 1991.2 It was assumed 1991 production did not differ significantly from 1990
production.

Emissions were spatially allocated based on the known locations and capacities of facilities producing ABS resin.®
All facilities were assumed to operate at the same percent of capacity. Total nationa emissions were apportioned to
each facility by theratio of afacility’sindividual production capacity to the total national capacity.

Data Qualifiers:

(1) Emission factorswere available only for certain emission points, so this estimate may not include the entire
amount of emissions from this source category.

(2) For the most part, emission factors were available only for uncontrolled operation, so this national estimate is
largely for uncontrolled emissions. For one emission point, both controlled and uncontrolled emission factors were
available the average of the two was used. The control status overall or for individual facilitiesis not known,
although the source category may be regulated at the state and federal levels.

(3) Because facility-specific data are not available, the emissions allocated to specific counties may be an under- or
over-estimate of actual emissions.

References:

1. U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database, Version
5.1a. Research Triangle Park, North Carolina. September 1995.

2. McCadeb, K.E., ed. Chemical Originsand Markets, Sxth Edition. Chemical Marketing Research Center,
SRI International. Menlo Park, CA. 1993. p. 85.

3. SRI International. 1990 Directory of Chemical Producers. Menlo Park, CA. 1990. p. 890.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: ABS Resins

Methodology:

EMISSION FACTORS FOR ABS RESIN PRODUCTION
Emission Factors
Ib styrene/1000 Ib resin

Vacuum pump (to extruder) vent

Uncontrolled 1.39
Controlled (w et scrubber, carbon ads.) 0.006
AVERAGE 0.70
Die vent 0.013
TOTAL 0.71

ACTIVITY DATA FOR ABS RESIN PRODUCTION
1991 Production (thousands)
metric tons tons
ABS Resins 478 526

TOTAL NATIONAL EMISSIONS OF STYRENE FROM ABS RESIN PRODUCTION
= Total EF * Total resin produced
(0.71 Ib styrene/1000 Ib resin) * 526,000 tons resin * 2000 Ib/ton
746,920/ Ib styrene
373 tons styrene from ABS resin production

EMISSIONS ALLOCATION TO FACILITIES

Capacity Emissions State County
Company Location MM Ib tons FIP Code | FIP Code
Diamond Polymers Akron, OH 22 4.72 39 153
Dow Chemical Gales Ferry, CT 60 12.9 09 11
Ironton, OH 80 17.2 39 87
Midland, MI 150 322 26 111
Torrance, CA 40 8.58 06 37
GE Plastics Bay St. Louis, MS 210 45.0 29 510
Ottaw a, IL 300 64.3 17 99
Oxnard, CA na na 06 111
Washington, WV 350 75.0 54 107
Monsanto Chemical  Addyston, OH 320 68.6 39 61
Muscatine, 1A 210 45.0 19 139
Total 11 facilities 1742 373

Example Calculation:
Emissions from Diamond Polymers facility
= (Diamond Polymers facility capacity/Total industry capacity) * Total National Styrene Emissions
(22 MM Ib/yr / 1742 MM Ib/yr) * 373 tons styrene
4.72 tons styrene emitted from Diamond Polymers facility in 1990
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Chloroform Production

Methodology:

ESTIMATE OF EMISSIONS FROM CHEMICAL MANUFACTURING OF CHLOROFORM USING EMISSION
FACTORS FROM FIRE

Approach: Emission factors from the Factor Information Retrieval (FIRE) System Database were multiplied by an
estimate of the annual chemical production at each facility reported in the “ 1990 Directory of Chemicals Producers’
to produce chloroform. The 1990 chemical production for each facility was estimated by first dividing the total
annual production by total annual capacity for 1990, asreported in “ Chemical Products Synopsis - Chloroforn’,
September 1992. Thisfactor was then multiplied by the capacity of each facility identified in the “ 1990 Directory
of Chemical Producers.” The facility estimates were summed to produce the 1990 national estimate of emissions of
chloroform from chemical manufacturing of chloroform. Spatial allocation of the estimates for each source
category was based on the location of each facility identified in the “ 1990 Directory of Chemical Producers’.

Data Qudifiers:
Two different factors applicable to chemical manufacturing of chloroform arein FIRE. The factors, for industrial
process and waste disposal emissions, (0.70 and 0.42 Ib/ton) were added together to estimate emissions from this
source category. Emission factors were only available for certain emission points, so this estimate may not include
the entire amount of emissions from this source category.
Example Calculations:
Annual Production: 483 (million Ibs chloroform produced, 1990) / 545 (million Ibs capacity to produce chloroform,
1990) = 0.8862
0.8862 x 120 (million Ibs capacity to produce chloroformin 1990) = 106 million Ibs chloroform produced at one
facility.
Emissions Estimate;
106 (million Ibs chloroform produced) x (1 ton/ 2000 Ibs) x 1.12 Ibs chloroform / ton produced =
= 5.936E4 Ibs chloroform from chemical manufacturing of chloroform x (1 ton/ 2000 Ibs) =
= 29.68 tons chloroform from chemical manufacturing of chloroform

References:

U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Datebase, Version 5.1a.
Research Triangle Park, North Carolina. September 1995.

Mannsville Chemical Products Corporation. Chemical Products Synopsis - Chloroform. Septermber 1992,
1990 Directory of Chemical Producers. SRI International. Menlo Park, CA. 1990. p 531.

A-30



APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Chloroform Production

Methodology:

1990 1990
Annual Annual Chloroform| State| County

Facility Facility Capacity | Production |[Emission| Emissions | FIP FIP

Name Location (million Ibs) | (million Ibs) | Factor |(tons/year)| Code| Code
Dow Chemical Freeport, TX 120 106 1.12 290.78]48 |039
Dow Chemical Plaguemine, LA 120 106 1.12 29.78|22 |047
Hanlin Group, LCP Chemicals Division [ Moundsville, WV 40 35 1.12 9.93(54 |[051
Occidental Chemical Corp Belle, WV 30 27 1.12 7.44(54 |039
Vulcan Chemicals Geismar, LA 60 53 1.12 14.89(22 |005
Vulcan Chemicals Wichita, KS 110 97 1.12 27.29]120 (173
1990 Annual Emission Estimate = 119.10528 tons chloroform/year from chemical manufacturing chloroform

Emission factor units = Ib/ton chloroform produced
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Chloroform Production (Storage Emissions)

Methodology:

ESTIMATE OF EMISSIONS FROM CHEMICAL MANUFACTURING OF CHLOROFORM USING EMISSION
FACTORS FROM FIRE

Approach: Emission factors from the Factor Information Retrieval (FIRE) System Database were multiplied by an
estimate of the annual chemical production at each facility reported in the “ 1990 Directory of Chemicals Producers’
to produce chloroform. The 1990 chemical production for each facility was estimated by first dividing the total
annual production by total annual capacity for 1990, asreported in “ Chemical Products Synopsis - Chloroforn’,
September 1992. Thisfactor was then multiplied by the capacity of each facility identified in the “ 1990 Directory
of Chemical Producers.” The facility estimates were summed to produce the 1990 national estimate of emissions of
chloroform from chemical manufacturing of chloroform. Spatial allocation of the estimates for each source
category was based on the location of each facility identified in the “ 1990 Directory of Chemical Producers’.

Data Qudifiers:
Three different factors applicable to chemical manufacturing of chloroform arein FIRE. Two factors apply to
industrial process and waste disposal emissions. Thethird factor, (3.31 Ib/ton) is used here to estimate emissions
from storage of chloroform. Emission factors were only available for certain emission points, so thisestimate may
not include the entire amount of emissions from this source category.
Example Calculations:
Annual Production: 483 (million Ibs chloroform produced, 1990) / 545 (million Ibs capacity to produce chloroform,
1990) = 0.8862
0.8862 x 120 (million Ibs capacity to produce chloroform in 1990) = 106 million Ibs chloroform produced at one
facility.
Emissions Estimate;
106 (million Ibs chloroform produced) x (1 ton/ 2000 Ibs) x 3.31 Ibs chloroform / ton produced =
= 175430 Ibs chloroform from storage of chloroform x (1 ton/ 2000 |bs) =
= 87.715 tons chloroform from storage of chloroform at chloroform production facilities.

References:

U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Datebase, Version 5.1a.
Research Triangle Park, North Carolina. September 1995.

Mannsville Chemical Products Corporation. Chemical Products Synopsis - Chloroform. Septermber 1992,

1990 Directory of Chemical Producers. SRI International. Menlo Park, CA. 1990. p 531.
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Chloroform Production (Storage Emissions)

Methodology:

1990 1990
Annual Annual Chloroform| State | County

Facility Facility Capacity | Production | Emission| Emissions | FIP FIP

Name Location (million Ibs) | (million Ibs) | Factor | (tons/year)|Code| Code
Dow Chemical Freeport, TX 120 106 331 88.00|48 039
Dow Chemical Plaguemine, LA 120 106 331 88.00|22 047
Hanlin Group, LCP Chemicals Division | Moundsville, WV 40 35 331 29.33|54 051
Occidental Chemical Corp Belle, WV 30 27 331 22.00|54 039
Vulcan Chemicals Geismar, LA 60 53 331 44.00|22 005
Vulcan Chemicals Wichita, KS 110 97 3.31 80.67|20 [173
1990 Annual Emission Estimate = 351.99864  tons chloroform/year from storage of chloroform

Emission factor units = Ib/ton chloroform produced
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Chloromethanes Production

Methodology:

Appropriate emission factors from the Factor Information Retrieval (FIRE) System Database! were multiplied by an
estimate of the annual chemical production at each facility reported in the 1990 Directory of Chemicals Producers’
to produce methyl chloride, also called chloromethane. The Chemical Products Synopsis - Methyl Chloride? states
that methyl chlorideis an intermediate of the three other chloromethanes (methylene chloride, chloroform, and
carbon tetrachloride), so the manufacture of methyl chlorideis an appropriate surrogate to estimate emissions from
manufacture of chloromethanesin general. Emission factors were available for methyl chloride and chloroform
from methyl chloride production. Tables 1 and 2 (attached) contain the calculations for both emissions estimates.

The 1990 chemical production was estimated by dividing the total annual production of methyl chloride by total
annual capacity to produce methyl chloride for 1990, as reported in Chemical Products Synopsis - Methyl Chloride
Thisfactor was then multiplied by the capacity of each facility identified in the 1990 Directory of Chemical
Producer s to estimate the methyl chloride production at each facility. Thefacility estimates were then summed to
produce the 1990 national estimate of emissions from chemical manufacturing of methyl chloride. Spatial
allocation of the estimates for each source category was based on the location of each facility identified in the 1990
Directory of Chemical Producers.? Note that the sum of the capacities for each facility from Reference 3 does not
match the total capacity reported in Reference 2.

Chloroform Emissons

Three different chloroform emission factors (0.016, 0.0066, 0.427 Ib/ton methyl chloride produced) were in FIRE.
Thesefactors, described as general, recycled methane inert-purge, and fugitive, were added together to estimate
chloroform emissionsto give 0.4496 |bs chlorofornyton methyl chloride produced.

Example Calculations for Chloroform Emissions Estimate:
Ratio of 1990 annua production to annual capacity: 772 million Ib methyl chloride produced, 1990 /780 million Ib
capacity to produce methyl chloride, 1990 = 0.9897

Annual production at onefacility in 1990:
0.9897 x 50 million Ib capacity to produce methyl chloride in 1990 = 49.49 million |b methyl chloride at one
facility.

Estimate for chloroform emissions a one facility:
49.49 million Ib methyl chloride produced x 1 ton/2000 Ib x 0.4496 |b chloroform/ton methyl chloride produced =
11,125 Ibs chloroform

11,1125 Ib chloroform x 1 ton/2000 |bs = 5.56 ton chloroform from chemical manufacturing of methyl chloride at
onefacility

Methyl Chloride Emissions

M ethyl chloride emission factorsin FIRE! were based on data from only one plant, or from ahypothetical facility.
Two different factors were in FIRE? for the similar described process categories of recycled methane inert-purge,
and inert gas purge vent for condenser (3.0 and 4.08 Ib/ton of methyl chloride produced, respectively). The average
of the two factors, 3.54 Ib/ton of methyl chloride produced, was used to estimate the emissionsfor this category.

The methodol ogy used to cal cul ate chloroform emissions was used to calculate methyl chloride emissions.

References:

1. U.S. Environmental Protection Agency. 1995 (September). Factor Information Retrieval (FIRE) System
Database, Version 5.1a. Research Triangle Park , NC.

2. SRI International. 1990. 1990 Directory of Chemical Producers. Menlo Park, CA.

3. Mannsville Chemical Products Corporation. 1993 (October). Chemical Products Synopsis - Methyl
Chloride.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Chloromethanes Production

Methodology:

Table 1: Chloroform Emissions from Methyl Chloride Production

1990 Annual [ 1990 Annual Chloroform
Capacity Production Emission Emissions State FIP| County

Facility Name Facility Location | (million Ibs) | (million Ibs) Factor* (tonslyr) Code | FIP Code
Dow Chemical Freeport, TX 50.00 49.49 0.4496 5.56 48 39
Dow Chemical Plaguemine, LA 150.00 148.46 0.4496 16.69 22 47
Dow Corning Corp Carrollton, KY 200.00 197.94 0.4496 22.25 21 41
Dow Corning Corp Midland, MI 50.00 49.49 0.4496 5.56 26 111
General Bectric Co, GE Plastics Waterford, NY 105.00 103.92 0.4496 11.68 36 91
Hanlin Group Inc, LCP Chemicals Div Moundsville, WV 25.00 24.74 0.4496 2.78 54 51
Vulcan Materials Co, Vulcan Chemicals Lake Charles, LA 115.00 113.82 0.4496 12.79 22 19

1990 Annual Chloroform Emission Estimate =

*Emission factor units = Ib chloroform/ ton methyl chloride produced

Table 2: Methyl Chloride Emissions from Methyl Chloride Production

77.31 tons chloroform/year from methyl chloride produced

1990 Annual [ 1990 Annual Methyl Chloride
Capacity Production Emission Emissions State FIP| County

Facility Name Facility Location | (million Ibs) | (million Ibs) Factor* (tonslyr) Code | FIP Code
Dow Chemical Freeport, TX 50.00 49.49 3.54 43.79 48 039
Dow Chemical Plaguemine, LA 150.00 148.46 3.54 131.38 22 047
Dow Corning Corp Carrollton, KY 200.00 197.94 3.54 175.18 21 041
Dow Corning Corp Midland, MI 50.00 49.49 3.54 43.79 26 111
General Bectric Co, GE Plastics Waterford, NY 105.00 103.92 3.54 91.97 36 091
Hanlin Group Inc, LCP Chemicals Div Moundsville, WV 25.00 24.74 3.54 21.90 54 051
Vulcan Materials Co, Vulcan Chemicals Lake Charles, LA 115.00 113.82 3.54 100.73 22 019

1990 Annual Methyl Chloride Emission Estimate =

*Emission factor units =Ib methyl chloride / ton methyl chloride produced

608.74 tons methyl chloride/year from methyl chloride produced
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Chromium Compounds

Methodology:

Approach:

A 1992 estimate of emissions of chromium compounds from manufacturing of chromium compounds was provided

by U.S. EPA/ESD. Production data necessary to estimate 1990 emissions were not avail able so the 1992 estimates
were used as documented in the draft report.

There are only two U.S. facilities producing chromium chemicals. The locations of both facilities are known, and
they are both area sources.

References:
U.S. Environmental Protection Agency, Emission Standards Division. Chromium Chemicals M anufacturing

Summary Report. Draft. Research Triangle Park, North Carolina. February 16, 1994. Information provided by
|. Rosario, EPA:ESD, to D. Pickett, Eastern Research Group, Inc. July 24, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Chromium Compounds

Methodology:

Chromium Compounds | State | County
Facility Facility Emissions FP FIP
Name Location (ton/year) Code | Code
Occidental Chemical Corp Castle Hayne, NC 4.59137 129
American Chrome and Chemical |Corpus Christi, TX 5.20|48 355
1990 annual emission estimate = 9.79 tons chromium compound emissions from manuf. chromium chemicals
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Methyl Chloroform

Methodology:

Approach: Appropriate emission factors from the Factor Information Retrieval (FIRE) System Database were
multiplied by an estimate of annual chemical production at each facility reported in the 1990 Directory of
Chemicas Producers to producel, 1,1-trichloroethane (also called methyl chloroform or TCEA). The 1990
production of TCEA was estimated at each facility by first dividing the total annual production by total annual
capacity for 1990, asreported in “ Chemical Products Synopsis - 1,1,1-Trichloroethane”, November, 1992. This
factor was then multiplied by the capacity of each facility identified in the “ 1990 Directory of Chemical Producers’
to estimate the production at each facility.

Thefacility estimates for each chemical were summed to produce the 1990 national estimate of emissions from
chemical manufacturing of 1,1,1-trichloroethane. Spatia alocation of the estimates for each chemical was based on
the location of each facility identified in the “1990 Directory of Chemical Producers’.

Data Qualifiers:

1,2-Dichloroethane (EDC) emission factors in FIRE are applicable to uncontrolled and controlled emissions from
the production of TCEA from ethane (0.138 and 0.00200 Ib/ton) and from vinyl chloride (0.360 and 0.00800
Ib/ton). The average of the uncontrolled and controlled emission factors was used to estimate emissions. The
“Chemical Products Synopsis- 1,1,1-Trichloroethane” reports the dominate processinvolves the hydrochlorination
of vinyl chloride (VC). The*“ Chemical Product Synopsis - Ethylene Dichloride” identifies VVulcan Chemical as the
only producer of TCEA that does not also manufacture vinyl chloride monomer. Based on thisinformation, the
factors applicableto production from ethane were used to estimate emissions from Vulcan Chemicals, and the
factors applicableto production from vinyl chloride were used to estimate emissions from the other two facilities.

Additional emission factorsfor hydrochlorinator vent (3.40 Ib/ton) and hydrochlorinator vent condenser and steam
stripper vent condenser (9.00 Ib/ton) areasoin FIRE. Dueto the possibility of double counting emissions from the
production of TCEA from V C, and the magnitude and age of these factors, they were not used to estimate
emissions. Emission factors were only available for certain emission points, so this estimate may not include the
entire amount of emissions from this source category.

Example Calculations:
Percent of annual production capacity for TCEA produced:
801 (million Ibs TCEA total produced) /1050 (million Ibstotal capacity to produce TCEA) = 0.7629
For one facility, 1990 production estimated at:
0.7629 x 500 (million Ibs capacity to produce TCEA , 1990) = 381.43 million Ibs TCEA produced at one facility
Emissions Estimate (at one facility):
0.360 +0.008 (Ib EDC /ton TCEA produced) / 2 =0.184 |Ib EDC / ton TCEA produced
381.45 (million Ibs TCEA produced) x (1 ton/ 2000 Ibs) x 0.184 Ibs EDC / ton TCEA produced =
= 35093 Ibs EDC from chemical manufacturing of TCEA x (1ton/ 2000 |bs) =
= 17.5467 tons EDC from chemical manufacturing of TCEA at one facility.

Vinyl chloride emission factorsin FIRE are applicable to distillation column vent emissions. Factors for
uncontrolled emissions (0.0140 Ib/ton) and controlled by incineration (0.0002 Ib/ton) arepresented. Thefactorsare
based on engineering judgment and are representative of a hypothetical plant with 300,000,000 Ib/yr production
capacity. The average of the uncontrolled and controlled emission factors was used to etimate emissions.

Emission factors were only available for certain emission points, so this estimate may not include the entire amount
of emissions from this category.

The methodol ogy used to calculate EDC emissions was used to calculate vinyl chloride emissions.

References
U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Datebase, Version 5.1a.
Research Triangle Park, North Carolina. September 1995.

SRl International 1990 Directory of Chemical Producers. SRI Internationa. Menlo Park, CA. 1990. p 1046.
Mannsville Chemical Products Corporation. Chemical Product Synopsis - 1,1,1-Trichloroethane. November 1992.
Mannsville Chemical Products Corporation. Chemical Produdt Synopsis - Ethylene Dichloride. February 1991.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Methyl Chloroform

Methodology:

1990 1990 Average Average
Annual Annual EDC EDC VC VC State| County
Facility Facility Capacity | Production |Emission|Emissions| Emission |Emissions| FIP FP
Name Location (million Ibs) | (million Ibs) | Factor* |(ton/year)| Factor** |(ton/year)|Code| Code
Dow Chemical Freeport, TX 500 381.45| 0.184 17.55 0.007 0.68|48 |039
PPG Chemicals Group [Lake Charles, LA 350 267.02| 0.184 12.28 0.014 0.93|22 (019
Vulcan Chemicals Geismar, LA 200 152.58| 0.184 7.02 0.014 0.53|22 |005
Total 1990 Estimate= 36.85 2.15

*Emission factor units = Ib EDC/ ton TCEA produced
*Emission factor units = Ib VC per ton TCEA produced

A-39



APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Naphthalene

Methodology:
The estimate was taken directly from the 112(c)(6) report (1997).

Spatial allocation of the estimates was based on the location of each facility reported to produce naphthalene from
coal tar in the “1990 Directory of Chemical Producers”.

Data Qualifiers:
The 16-PAH emission factor was developed from individual PAH emission factors for the coal tar distillation
process. The 16-PAH factor only includes naphthadene.

References:

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic M atter
(POM); 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD) / 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs); Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997. pp. B-75.

1990 Directory of Chemical Producers. SRI International. Menlo Park, CA. p. 805.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Naphthalene

Methodology:

1990
Annual 16-PAH [ State | County
Facility Facility Capacity | Emissions | FIP FIP
Name Location (million Ibs) | (tons/year) | Code| Code
Allied-Signal Ironton, OH 75 215|139 087
Koppers Industries Follansbee, WV 150 43.1|154 [009
1990 Annual Emission Estimate = 64.6
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Naphthalene Sulfonates

Methodology:
The estimateis taken directly from the 112(c)(6) report (1997).

The locations of naphthal ene sulfonates producing facilities are reported in the “ 1990 Directory of Chemical
Producers.” However, the capacities are not known, so emissions were allocated to each facility equally.

DataQualifiers. The 16-PAH emission factor was developed from individual PAH emission factors for
naphthal ene sulfonate production. The 16-PAH factor only includes naphthalene.

References:

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM); 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD) / 2,3,7,8-Tetrachl orodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs); Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997. pp. B-78.

1990 Directory of Chemical Producers. SRI International. Menlo Park, CA. p. 805.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Naphthalene Sulfonates

Methodology:

1990
Annual 16-PAH | State | County

Facility Facility Capacity | Emissions | FIP FIP

Name Location (million Ibs) | (tons/year) | Code| Code
American Cyanamid Company Marietta, OH unknow n 1.31]39 159
New Hampshire Oak Claymont, DE unknow n 1.31j10 |001
Henkel Corp, Organic Products Carlstadt, NJ unknow n 1.31|134 |003
Greenw ood Chemical Co Cedartow n, GA [unknown 1.31]13 233
Texaco Chemical Greenw ood, VA [unknow n 131
1990 Annual Emission Estimate = 6.53




APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: p-Dichlorobenzene (1,4-)

Methodology:

Approach:

Emission factors from the Factor Information Retrieva (FIRE) System Database were multiplied by an estimate of
the annual chemical production reported in the “ 1990 Directory of Chemicals Producers’ to produce
1,4-Dichlorobenzene. The 1990 chemical production at each facility was estimated by first dividing the total
annual production by total annual capacity for 1990, as reported in “ Chemical Products Synopsis -
Dichlorobenzene” , December 1995. Thisfactor was then multiplied by the capacity of each facility identified in
the “1990 Directory of Chemical Producers’. Thefacility estimates were summed to produce the 1990 national
estimate of emissions of 1,4-dichlorbenzene from chemical manufacturing of 1,4-dichlorobenzene. Spaial
allocation of the estimates for each source category was based on the location of each facility identified in the “ 1990
Directory of Chemical Producers’. When thisinformation was not provided, the “ 1993 Worldwide Petrochemical
Directory” was consulted.

Data Qualifiers:

Threefactors applicable to chemical manufacturing of 1,4-dichlorobenzene arein FIRE. Two of the factors,
applicable to process and fugitive emissions, (11.62 and 2.04) were added together to estimate emissons for this
category. Thethird factor, applicable to organic chemical storage was applied separately to estimate those
emissions. All factorsarefor ahypothetical plant. Emission factors were only availablefor certain emission
points, so this estimate may not include the entire amount of emissions fromthis source category.

Example Calculations:

Percent of Annual Production Capacity:

90 million |bs p-dichlorobenzene total produced, 1990/ 138 million Ibstotal capacity to produce
p-dichlorobenzene, 1990 = 0.6522

For onefacility, 1990 production estimated at:

0.6522 x 25 (million Ibs capacity to produce p-dichlorobenzene in 1990)
=16.30 million Ibs of p-dichlorobenzene produced at one facility.

Emissions Estimate (at one facility):

16.3 (million Ibs 1,4-dichlorobenzene produced) x (1 ton/ 2000 Ibs) x 13.66 Ibs 1,4-dichlorobenzene / ton produced
=111,329 |bs 1,4-dichlorobenzene x (1 ton/ 2000 |bs)

= 55.6645 tons 1,4-dichlorobenzene from chemical manufacturing of chlorobenzene

References:

U.S. Environmenta Protection Agency. Factor Information Retrieval (FIRE) System Database, Version 5.1a
Research Triangle Park, North Carolina. Septermber 1995.

Mannsville Chemical Products Corporation. Chemical Products Synopsis - Dichlorobenzene. December 1995.

SRI International. 1990 Directory of Chemical Producers. Menlo Park, CA. 1990. p 561.

PennWell Directories. 1993 Worldwide Petrochemical Directory, 31st Edition. Tulsa, OK. August 1992. pp. 40,
48.
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: p-Dichlorobenzene (1,4-)

Methodology:

1990 1990 1,4- Dichloro-
Annual Annual Benzene | State | County
Facility Facility Capacity | Production | Emission| Emissions FIP FIP
Name Location (million Ibs) | (million Ibs)| Factor | (tons/year) [Code| Code
Monsanto Chemical Co. Sauget, IL 25 16.305 13.66 55.68|17 163
Organics/Lagrange Inc Irw indale, CA 2 1.3044 13.66 4.45106 037
PPG Industries, Chemical Group [Natrium, WV 30 19.566 13.66 66.82|54 103
Standard Chlorine Chemical Co |Delaw are City, DE 75 48.915 13.66 167.04{10 |003

1990 Annual Emission Estimate =

294.00 tons 1,4-dichlorobenzenel/year

Emission factor units = Ib/ton 1,4-Dichlorobenzene produced
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: p-Dichlorobenzene (Storage Emissions)

Methodology:

ESTIMATE OF EMISSIONS FROM CHEMICAL MANUFACTURING OF 1,4-DICHLOROBENZENE
Approach: Emission factors from the Factor Information Retrieval (FIRE) System Database were multiplied by an
estimate of the annual chemical production at each facility reported in the “ 1990 Directory of Chemicals Producers’
to produce 1,4-Dichlorobenzene. The 1990 chemical production at each facility was estimated by dividing the total
annual production by total annual capacity for 1990, asreported in “ Chemical Products Synopsis -
Dichlorobenzene” , December 1995. Thisfactor was then multiplied by the capacity of each facility identified in
the “1990 Directory of Chemical Producers’. Thefacility estimates were summed to produce the 1990 national
estimate of emissions of 1,4-dichlorbenzene from chemical manufacturing of 1,4-dichlorobenzene. Spatia
allocation of the estimates for each source category was based on the location of each facility identified in the “ 1990
Directory of Chemical Producers’. When thisinformation was not provided, the “ 1993 Worldwide Petrochemical
Directory” was consulted.

Data Qualifiers: Three factors applicable to chemical manufacturing of 1,4-dichlorobenzenearein FIRE. Two of
thefactors, apply to process and fugitive emissions. Thethird factor, (0.82) is used here to estimate emissions
from organic chemical sorage. All three factors are for a hypothetical plant.
Example Calculations:
Annual Production:
90 (million Ibs p-dichlorobenzene produced, 1990) / 138 (million Ibs capacity to produce p-dichlorbenzene, 1990 =
= 0.6522 x 25 (million Ibs capacity to produce p-dichlorobenzene in 1990)
=16.30 million Ibs of p-dichlorobenzene produced at one facility.
Emissions Estimate;
16.3 (million Ibs 1,4-dichlorobenzene produced) x (1 ton/ 2000 Ibs) x 13.66 |bs 1,4-dichlorobenzene / ton produced
= 6685 Ibs 1,4-dichlorobenzene x (1 ton/ 2000 | bs)
= 3.34 tons 1,4-dichlorobenzene from chemical manufacturing of chlorobenzene

References:
U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Datebase, Version 5.1a.
Research Triangle Park, North Carolina. September 1995.
Mannsville Chemica Products Corporation. Chemical Products Synopsis - Dichlorobenzene. December 1995.
1990 Directory of Chemical Producers. SRI International. Menlo Park, CA. 1990. p 561.
1993 Worldwide Petrochemical Directory, 31t Edition. PennWell Directories. Tulsa, OK. August 1992.

pp. 40, 48.
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: p-Dichlorobenzene (Storage Emissions)

Methodology:

1990 1990 1,4- Dichloro-
Annual Annual Benzene | State | County
Facility Facility Capacity | Production | Emission| Emissions FIP FIP
Name Location (million Ibs) | (million Ibs)| Factor | (tons/year) [Code| Code
Monsanto Chemical Co Sauget, IL 25 16.305 0.82 3.34|117 |163
Organics/Lagrange Inc Irw indale, CA 2 1.3044 0.82 0.27]06 037
PPG Industries, Chemical Group |Natrium, WV 30 19.566 0.82 4.01154 103
Standard Chlorine Chemical Co. |Delaw are City, DE 75 48.915 0.82 10.03|{10 |003

1990 Annual Emission Estimate =

17.648532 tons 1,4-dichlorobenzenelyear

Emission factor units = Ib/ton 1,4-dichlorobenzene produced
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Phenol Manufacturing

Methodology:

Approach:

An emission factor from the Factor Information Retrieval (FIRE) System Database was multiplied by an estimate of
the annual chemical production at each facility reported in “1990 Directory of Chemical Producers’. The 1990
chemical production for each facility was estimated by first dividing the total annual production reported in
“Chemical Products Synopsis-Phenol”, July 1992, by the total annual capacity, and then multiplying this factor by
the capacity for each facility reported in the “ Directory of Chemical Producers’.

The emission factor is representaive of emissions from the cumene oxidation process, so only those facilities that
produce phenol by the cumene peroxidation process were included when estimating annual production. Thefacility
estimates were summed to produce the 1990 national estimate of emissions from chemical manufacturing of phenol.

Spatial alocation of the estimates was based on the location of each facility. Facility locations were identified in
the “1990 Directory of Chemical Producers.” When thisinformation was not provided, the “ 1993 Worldwide
Petrochemical Directory” was consulted.
Example Calculations:
Percent of Annual Production Capacity:
3538 (million Ibs phenol total produced in 1990) / 3880 (million Ibstotal capacity to produce phenol in 1990) =
0.9119
For onefacility, 1990 production estimated at:
0.9119 x 800 (million Ibs capacity to produce phenol in 1990) = 729.52 million |bs phenol produced at facility.
Emissions Estimate (at one facility):
730 (million Ibs phenol produced) x (1 ton/ 2000 Ibs) x .0042 Ibs acetaldehyde / ton phenol produced =
= 1532 |bs acetaldehyde from chemical manufacturing of phenol x (1 ton/ 2000 Ibs)
= 0.7660 tons acetal dehyde from chemical manufacturing of phenol at one facility.
References:
U.S. Environmenta Protection Agency. Factor Information Retrieval (FIRE) System Database, Version 5.1a
Research Triangle Park, North Carolina.  Septermber 1995.
Mannsville Chemical Products Corporation. Chemical Products Synopsis - Phenol. July, 1992.
SRI International. 1990 Directory of Chemical Producers. Menlo Park, CA. 1990. p. 851.

PennWell Directories. 1993 Worldwide Petrochemical Directory, 31st Edition. Tulsa, OK. August 1992. pp. 37.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Phenol Manufacturing

Methodology:

1990 1990
Annual Annual Acetaldehyde | State | County

Facility Facility Capacity |Production | Emission| Emissions FIP FIP

Name Location (million Ibs) [(million Ibs)| Factor | (tons/year) |[Code| Code
Allied-Signal Inc, Engineered Materials Sector |Philadelphia (Frankford), PA 800 730| 0.0042 0.77142 101
Aristech Chemical Corp Haverhil, OH 630 574] 0.0042 0.60]39 145
BTL Specialty Resins Corp Blue Island, IL 85 78] 0.0042 0.08]17 031
Dow Chemical USA Oyster Creek, TX 550 502| 0.0042 0.53[48 [039
Georgia Gulf Corp Bound Brook, NJ 157 (a)
Georgia Gulf Corp Plaquemine, LA 420 383| 0.0042 0.40(22 (047
General Bectric Co Mount Vernon, IN 640 584| 0.0042 0.61|18 129
Shell Oil Co, Shell Chemical Div Deer Park, TX 600 547] 0.0042 0.57|48 |201
Texaco, Inc, Texaco Chemical Co. B Dorado, KS 95 87| 0.0042 0.09]120 (015
1990 Annual Emission Estimate = 3.66E+00 tons acetaldehyde/year

Emission factor units = Ib/ton phenol produced
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Styrene

Methodology:

ESTIMATE OF EMISSIONS OF STY RENE FROM CHEMICAL MANUFACTURING

Approach: Emission factors from the Factor Information Retrieval (FIRE) System Database were multiplied by an
estimate of the annual chemical production at each facility reported to produce styrene. Production facilities were
identified in “Locating and Estimating Air Emissions from Sources of Styrene”, April 1993. The 1990 production
of styrene at each facility was estimated by first dividing the total annual production by the total annual capacity for
1990, asreported in “Chemical Product Synopsis - Styrene”, March 1992. Thisfactor was then multiplied by the
capacity of each facility identified inthe L & E document. The facility estimates were summed to produce the 1990
naiona estimate of emissions of styrene from chemical manufacturing of styrene. Spatial alocation of the
estimates for each source category was based on the location of each facility identified inthe L & E document.

Data Qualifiers: Emission factors (EF) in FIRE arerepresentative of emissions from benzene/toluene vacuum
column (0.0730 Ib / ton), and from nonbenzene/toluene vacuum column (0.0328 Ib / ton). These factors were added
together to estimate styrene emissions. Factors are assumed uncontrolled. Emission factors were only available for
certain emission points, so this estimate may not include the entire amount of emissions from this source category.
Two emission factorsin FIRE (0.170000 and 1.50000 Ib/gal) were representative of uncontrolled breathing and
working losses from organic chemical storage. The factors were applied separately to estimate emissions from these
sources. The estimates were then added together and reported as one.

Emission factors arein units of 1b/1000 gallon material throughput (working loss) and 1b/1000 gallon storage
capacity (breathing loss). Because facility storage capacity was not known, it was assumed the capacity and

material throughput would both be equal to the estimated facility production.

Example Calculations:
Percent of Annual Production Capacity:

8017 (million Ibs styrene produced, 1990) / 9540 (million Ibs capacity to produce styrene, 1990) = 0.84036
For one facility, 1990 production estimated at:
0.84036 x 800 (million Ibs capacity to produce styrene in 1990) = 672.29 million |bs styrene produced at afacility
Emission Factor: (0.07301b/ton+ 0.0328 Ib/ ton) = 0.1058 Ib styrene/ ton styrene produced
Emissions Estimate (at one facility):
672.29 (million Ibs styrene produced) x (1 ton/ 2000 Ibs) x 0.1058 Ib styrene/ Ib styrene produced=
= 35564 Ibs styrene x ( 1 ton/ 2000 Ibs) =
= 17.78 tons styrene from chemical manufacturing of styrene at one facility
References:
U.S. Environmenta Protection Agency. Factor Information Retrieval (FIRE) System Database, Version 5.1a
Research Triangle Park, North Carolina. Septermber 1995.
Mannsville Chemical Products Corporation. Chemical Products Synopsis- Styrene. March 1992.

U.S. Environmenta Protection Agency. Locating And Estimating Air Emissions from Sources of Styrene.
April 20, 1993. EPA-454/R-93-011.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Styrene

Methodology:

1990 1990
Annual Annual |Styrene Styrene | State | County
Facility Facility Capacity | Production [ Emission | Emissions | FIP FIP
Name Location (million Ibs) [ (million Ibs) | Factor | (tons/year) |Code| Code
Amoco Corp Texas City, TX 800 672] 0.1058 1.78E+01)48 167
ARCO Chemical Co Channelview, TX 1310 1101f 0.1058 2.91E+01|48 201
ARCO Chemical Co Monaca, PA 220 185 0.1058| 4.89E+00(42 007
Chevron Corp St. James, LA 600 504| 0.1058 1.33E+01|22 093
Cos-Mar Carville, LA 1500 1261| 0.1058| 3.33E+01(22 |047
Dow Chemical Freeport, TX 1410 1185| 0.1058| 3.13E+01(48 |039
Hoechst Celanese (Huntsman Chemical) |Bayport, TX 1000 840| 0.1058| 2.22E+01(48 |201
Rexene Products Co Odessa, TX 320 269] 0.1058 7.11E+00(48 135
Sterling Chemicals Texas City, TX 1500 1261 0.1058 3.33E+01|48 167

1990 Annual Emission Estimate =

1.92E+02 tons styrene / year

Emission Factor Units = Ib styrene / ton styrene produced
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Styrene (Storage Emissions)

Methodology:

ESTIMATE OF EMISSIONS FROM CHEMICAL MANUFACTURING OF STYRENE USING EMISSION
FACTORS FROM FIRE

Approach: Emission factors from the Factor Information Retrieval (FIRE) System D atabase were multiplied by an
estimate of the annual chemical production at each facility reported to produce styrene. Production facilities were
identified in “Locating and Estimating Air Emissions from Sources of Styrene”, April 1993. The 1990 production
of styrene at each facility was estimated by first dividing the total annual production by the total annual capacity for
1990, asreported in “Chemical Product Synopsis- Syrene”’, March 1992. This factor was then multiplied by the
capacity of each facility identified inthe L & E document. The facility estimates were summed to produce the 1990
national estimate of emissions of styrene from chemical manufacturing of styrene. Spatid allocation of the
estimates for each source category was based on the location of each facility identified inthe L & E document.

Data Qualifiers: Emission factors (EF) in FIRE are representative of emissions from benzene/toluene vacuum

column (0.0730 Ib / ton), and from nonbenzene/toluene vacuum column (0.0328 b / ton). These factors were added

together to estimate styrene emissions. Factors are assumed uncontrolled. Emission factors were only available for

certain emission points, so this estimate may not include the entire amount of emissions from this source category.
Two emission factorsin FIRE (0.170000 and 1.50000 Ib/gal) were representative of uncontrolled breathing and

working losses from organic chemical storage. The factors were gpplied separately to estimate emissions from

these sources. The estimates were then added together and reported as one. Emission factors are in units of

1b/1000 gallon materid throughput (working loss) and I1b/1000 gallon storage capacity (breathing loss). Since

facility gorage capacity was not known, it was assumed the capacity and material throughput would both be

equal to theestimated facility production.

Exampl e Calculations:
Annual Production:
8017 (million Ibs styrene produced, 1990) / 9540 (million Ibs capacity to produce styrene, 1990) = 0.84036
0.84036 x 800 (million Ibs capacity to produce styrenein 1990) = 672.29 million |bs styrene produced at a facility
Emissions Estimate:
672 (million Ibs styrene produced) x (1 ton/ 2000 Ibs) x 0.1058 Ib styrene/ Ib styrene produced=
= 35549 Ibs styrene x (1 ton/ 2000 Ibs) =
= 17.77 tons styrene from chemical manufacturing of styrene at one facility
672 (million Ibs styrene produced (stored)) x (0.1198 Ibs H20 / gal H20) x 0.909 density styrene =
= 73.17959 million gallons styrene produced (stored)
73.17959 million gallons styrene x (1.5 Ibs styrene / 1000 gallon storage capacity) =
= 109769 Ibs styrene breathing losses from organic chemical storage x (1ton/ 2000 Ibs) =
= 54.88 tons styrene breathing losses from organic chemical storage of styrene

References:

U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database, Version 5.1a.
Research Triangle Park, North Carolina. September 1995.

M annsville Chemical Products Corporation. Chemical Products Synopsis - Styrene. March 1992.

U.S. Environmental Protection Agency. Locating And Estimating A ir Emissions from Sources of Styrene.
April 20, 1993. EPA-454/R-93-011.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Styrene (Storage Emissions)

Methodology:

1990 1990 Breathing Working Styrene
Annual Annual | Breathing Loss Working Loss Storage | State | County
Facility Facility Capacity | Production| Loss Emissions | Loss | Emissions | Emissions | FIP FIP
Name Location (million Ibs) | (million Ibs)| EF(a) [(tons/year)| EF(b) |(tons/year)|(tons/year) [Code| Code
Amoco Corp Texas City, TX 800 672 1.5| 5.49E+01 0.17] 6.22E+00| 6.11E+01|48 167
ARCO Chemical Co Channelview, TX 1310 1101 15| 8.99E+01 0.17| 1.02E+01| 1.00E+02|48 |201
ARCO Chemical Co Monaca, PA 220 185 1.5 151E+01 0.17| 1.71E+00| 1.68E+01|42 007
Chevron Corp St. James, LA 600 504 15| 4.12E+01 0.17| 4.67E+00| 4.58E+01|22 093
Cos-Mar Carville, LA 1500 1261 1.5 1.03E+02 0.17| 1.17E+01| 1.15E+02|22 047
Dow Chemical Freeport, TX 1410 1185 1.5 9.68E+01 0.17| 1.10E+01| 1.08E+02|48 039
Hoechst Celanese
(Huntsman Chemical) Bayport, TX 1000 840 1.5 6.86E+01 0.17| 7.78E+00| 7.64E+01|48 201
Rexene Products Co Odessa, TX 320 269 1.5 2.20E+01 0.17| 2.49E+00| 2.45E+01|48 135
Sterling Chemicals Texas City, TX 1500 1261 1.5 1.03E+02 0.17| 1.17E+01| 1.15E+02|48 167
1990 Annual Emission Estimate = 6.62E+02 tons styrene/year from organic chemical storage

(a) Breathing Loss Emission Factor Units = | Ib/1000 gal storage capacity
(b) Working Loss Emission Factor Units = Ib/1000 gal material throughput
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Styrene-Butadiene Copolymer Latexes

Methodology:

Approach:

National emissions were estimated by multiplying emission factors for styrene-butadiene (S-B) and styrene-
butadiene rubber (SBR) latexes production by total national S-B and SBR latexesproduction. The emission factors
were obtained from the Styrene L& E (EPA, 1993) and the FIRE database (EPA, 1995). Tota national S-B and
SBR latexesproduction was available for 1991 (McCaleb, 1993). It was assumed 1991 production did not differ
significantly from 1990 production.

Emission factors were available only for SBR-emulsion/solution production. However, the emission factors can be
used for S-B latex as well because the processes for making S-B and SBR latexes areidentical. Itis assumed that
the emission factors reflect the lower styrene content of SBR latexes, which average 25% styrene (Lewis, 1993). To
acocount for the higher styrene content in S-B latex (and hence increased use and emissions of styrene monomer), it
was assumed that S-B latexes average at least 50% styrene content. The emission factors were increased by the
ratio of 50% to 25%, or 2, when used to estimate S-B latex emissions.

Emissions could be spatially allocated because the locations and capacities of facilities producing S-B and SBR
latexes are known (McCaleb, 1990). All facilities were assumed to operate & the same percent of capacity, and total
naiona emissions were apportioned to each facility by the ratio of afacility’ sindividual production capacity to the
total national capacity.

Data Qualifiers:

(1) Emission factorswere available only for certain emission points, so this estimate may not include the entire
amount of emissions from this source category.

(2) Emisson factors were available only for uncontrolled operation, so this national estimateis for uncontrolled
emissions. The control status overall or for indiviudal facilitiesis not known, although the source category may be
regulated at the state and federal levels.

References:
U.S. Environmental Protection Agency. Locating and Estimating Air Emissions from Sources of Syrene. Research
Triangle Park, North Carolina. April 1993. pp. 53-65.

U.S. Environmenta Protection Agency. Fador Information Retrieval (FIRE) System Database, Version 5.1a.
Research Triangle Park, North Carolina. September 1995.

McCaleb, K.E., ed. Chemical Originsand Markets, Sxth Edition. Chemical Marketing Research Center, SRI
International. Menlo Park, CA. 1993. p. 86 & 88.

Lewis, R..J., rev. Hawley’s Condensed Chemical Dictionary, 12th Edition. Van Nostrand Reinhold Co. New
York, NY. 1993. p. 1097.

SRI International. 1990 Directory of Chemical Producers. Menlo Park, CA. 1990. p. 913.
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Styrene-Butadiene Copolymer Latexes

Methodology:
EMISSION FACTORS FOR S-B AND SBR LATEX PRODUCTION

Emission Factors Ib styrene/ton resin Reference
Styrene Monomer Storage:
Fugitive Emissions 0.8 L&E
Breathing Emissions 0.04 L&E
Polymer Blend Tanks 0.2 FIRE
Monomer Removal 0.3 FIRE
TOTAL 1.34

ACTIVITY DATA FOR S-B AND SBR LATEX PRODUCTION
1991 Production (thousands)

metric tons tons
Styrene-Butadiene Latex (SB Copolymer) 473 520
SBR Latex 43 47
TOTAL 568

TOTAL NATIONAL EMISSIONS OF STY RENE FROM S-B AND SBR LATEX PRODUCTION
=|(Total EF * Total SBR latex produced) + (Total EF * 2 * Total S-B latex produced)
(1.34 Ib styrene/ton resin * 47,000 tons SBR latex) + (1.34 Ib styrene/ton resin * 2 * 520,000 tons S-B latex)
= 62,980 Ib styrene from SBR latex prod. + | 1,393,600 Ib styrene from S-B latex prod.
728 tons styrene from uncontrolled S-B and SBR latex production

EMISSIONS ALLOCATION TO FACILITIES
Capacity Type of | Emissions State County

Company Location MM Ibs Product tons FIP Code = FIP Code
BASF Corp. Chattanooga, TN 110/ S-B latex 68 47 065
" 64 SBR latex 13 " "
" Total 81 " "
Monaca, PA 55 S-B latex 34 42 007
Dow Chemical (a) Dalton, GA 80 S-B latex 49 13 313
Freeport, TX 80 S-B latex 49 48 039
Gales Ferry, CT 80 S-B latex 49 09 011
Midland, MI 80 S-B latex 49 26 111
Pittsburg, CA 80 S-B latex 49 42 003
GenCorp Polymer Mogadore, OH 187 S-B latex 116 39 153
" 15 SBR latex* 3 " "
" Total 119 " "
BF Goodrich Chem. | Akron, OH 2|S-B latex 1.2 39 153
" 2| SBR latex** 0.4 " "
" Total 2 " "
Goodyear Tire & Rub. | Akron, OH 7| SBR latex** 15 39 153
Calhoun, GA 88 S-B latex 54 13 129
" 12 SBR latex* 3 " "
Total 57
Houston, TX 50 SBR latex 10 48 201
W.R. Grace Ow ensboro, KY 10| S-B latex 6 21 059
Reichhold Chem. (a) | Chesw old, DE 77 S-B latex 48 10 001
Kensington, GA 77 S-B latex 48 13 295
Colloids, Inc. Gastonia, NC 35 S-B latex 22 37 071
Unocal Chemicals Charlotte, NC 60 S-B latex 37 37 119
La Mirada, CA 27 S-B latex 17 06 037
TOTAL 18 facilities 1278 Both 728

1128 S-B latex only
150/ SBR latex only
(a) An overall capacity w as reported for these 2 companies' plants (Dow: 400 MM Ibs, Reichhold: 154 MM Ibs). Capacities and
emissions w ere assumed to be equally distributed among the plants.

*capacity includes styrene-butadiene-vinylpyridine latex
**capacity is all styrene-butadiene-vinylpyridine latex
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Tetrachloroethylene

Methodology:

Emission estimates for tetrachl oroethylene manufacturing are based on emission factors from the Factor Information
Retrieval (FIRE) System Database'. The chloroform emission factor gppliesto facilities producing tetrachloroethylene
(a0 called perchloroethylene or PERC). The ethylene dichloride (EDC) emission factors apply to facilities coproducing
PERC and carbon tetrachloride (carbon tet). Thevinyl chloride and vinylidene chloride emission factors apply to

facilities coproducing PERC and trichloroethylene (TCE).

To estimate emissions, 1990 production a each facility was nesded. The 1990 Directory of Chemicals Producers’?
provides alist of facilitiesand their production capacity. However no facility-specific annud production datais provided.
Instead, this was estimated using the facility-specific capacity date? and the ratio of total annual production and total
annual capacity reportedin the“Chemica Products Synopsis” series for each of the

industries.®> The facility emission estimates for each chemica were summed to produce the 1990 national etimates.

DataQualifiers:

Emission factors were only available for certain emission points, so the estimates may underestimate the amount of
emissions from this source category. Also note that the capacities reported in the two references did not match. No
adjustments were made, both references were used as published.

The emission factor for chloroform represents an emission point controlled with a condenser. Control practices are
unknown; therefore this may underestimate emissions fromthis source.

Emission factorsfor EDC represent the hydrocarbon chlorinolysis process, hex waste handling at facilities coproducing
PERC and carbon tet. Factorsfor uncontrolled sources and for sources controlled with activated carbon adsorption and
miscellaneous control devices arelisted. Since control practices are unknown, an average of the uncontrolled and
controlled emission factors was used to estimate emissions.  Because emission factors are specific to coproduction
fecilities, estimates were only calculated for those facilities identified in the “ Directory of Chemical Producers’ to produce
both PERC and carbon tetrachloride.

The emission factor for viny| chloride represents uncontrolled emissions from the oxychlorination process drying column
vent. The emission factor is specific to facilities coproducing PERC and TCE. Consequently, an estimate was only
caculated for the one facility identified in the “ Directory of Chemica Producers’ that coproduces PERC and TCE.

The emission factors for vinylidene chloride represent uncontrolled and controlled emissions from a PERC digtillation
vent spray scrubber.  Sincecontrol practices are unknown, an average was used to estimate emissions.

Calculations:
Ratio of 1990 PERC Production to Annual PERC Production Capecity:
(371 million b PERC produced in 1990)/( 630 million Ib capacity to produce PERC) = 0.5889

Example calculation to estimate 1990 production at one facility:
0.5889 x 200 million Ib capacity to produce PERC = 117.78 million Ib produce PERC by one facility in 1990

Chloroform emissions etimate for one facility:

emissors = PERC production x emission factor

117.78 million Ibs PERC produced x (1 ton/2000 Ib) x 0.24 |bs chloroform/ton PERC produced
14133.6 Ibs chloroform x (1 ton / 2000 Ibs)

7.0668 tons chloroform emitted at one fecility

References.

1. U.S Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database, Version 5.1a
Research Triangle Park, North Carolina. September 1995.

2. 1990 Directory of Chemical Producers. SRI Internationd. Menlo Park, CA. 1990. p 520, 832, 1047.

3. Mannsville Chemical Products Corporation. Chemica Product Synopsis - Carbon Tetrachloride. October 1992.
4. Mannsville Chemica Products Corporation. Chemica Product Synopsis - Perchloroethylene. August 1992.

5. Mannsville Chemical Products Corporation. Chemical Product Synopsis - Trichloroethylene. May 1995.
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Tetrachloroethylene

Methodology:

1990 1990
Annual Annual |Chloroform |Chloroform | State | County

Facility Facility Capacity | Production | Emission | Emissions | FIP FIP

Name Location (million Ibs) | (million Ibs) Factor | (tons/year) [ Code| Code
Dow Chemical Pittsburg, CA 50 29.445 0.24 1.77]06 013
Dow Chemical Plaquemine, LA 90 53.001 0.24 3.18(22 047
Occidental Chemical Corp Deer Park, TX 180 106.002 0.24 6.36]48 201
PPG Industries Chemicals Group |Lake Charles, LA 200 117.78 0.24 7.07122 019
Vulcan Chemicals Geismar, LA 150 88.335 0.24 5.30(22 005
Vulcan Chemicals Wichita, KS 50 29.445 0.24 1.77(20 173
1990 Annual Emission Estimate = 25.44 tons chloroformy year

Emission Factor Units = Ib chloroform/ ton PERC produced
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APPENDIX A: NATIONAL ESTIMATES - Chemical Manufacturing: Tetrachloroethylene

Methodology:

1990 1990
Annual Annual 1990
Capacity | Capacity Annual EDC EDC State |County
Facility Facility PERC CCL4 Production | Emission| Emissions | FIP FP
Name Location (million Ibs) | (million Ibs) | (million Ibs) | Factor |(tons/year)| Code| Code
Dow Chemical Pittsburg, CA 50 80 99.52| 0.0286 0.71(06 013
Dow Chemical Plaquemine, LA 90 125 167.375| 0.0286 1.20|22 047
Occidental Chemical Corp Deer Park, TX 180 180| 0.0286 0.00|NA  [NA
PPG Industries Chemicals Group|Lake Charles, LA 200 200| 0.0286 0.00|NA [NA
Vulcan Chemicals Geismar, LA 150 90 205.71] 0.0286 1.47|22 005
Vulcan Chemicals Wichita, KS 50 60 87.14| 0.0286 0.62(20 173
1990 Annual Emission Estimate = 4.00 ton EDC/ year

Emission Factor Units = Ib EDC/ ton PERC & CCL4 produced
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Trichloroethylene

Methodology:

Approach: Appropriate emission factors from the document “ L ocating and Estimating Air Emissions from Sources
of Ethylene Dichloride”, were multiplied by an estimate of annual chemical production at each facility reported in
the “1990 Directory of Chemicals Producers’ to produce trichloroethylene (also called trichloroethene or TCE).

The 1990 production of TCE was estimated by dividing the total annual production by total annual capacity for
1990, asreported in “Chemical Products Synopsis - Trichloroethylene”, May, 1995. Thisfactor was then
multiplied by the capacity of each facility identified in the “ 1990 Directory of Chemical Producers’ to estimate the
production at each facility. Note that the sum of the capacities for each facility from Reference 3 does not match the
total capacity reported in Reference 2.

The facility estimates for each chemical were summed individually to produce the 1990 national estimate of
emissions from chemical manufacturing of trichloroethylene. Spatial allocation of the estimates for each chemical
was based on the location of each facility identified in the* 1990 Directory of Chemical Producers’.

Data Qudifiers:

The ethylene dichloride emission factor from the L & E document, (5.0 kg EDC/ Mg TCE produced) is applicable
to controlled emissions from the production of TCE. Thisfactor was calculated for the L & E document by dividing
the 1977 reported TCE emissions by 90 percent of the total TCE production quantity in 1977.

Emission factors were only available for certain emission points, so this estimate may not include the entire amount
of emission from this source category.

Example Calculations:
Percent of Annual Production Capacity for TCE:
183 (million Ibs TCE produced) /230 (million Ibstotal capacity to produce TCE) = 0.79565

For one facility, 1990 total production estimated as:
0.79565 x 120 (million Ibs capacity to produce TCE , 1990) = 95.478 million Ibs TCE produced at afacility

Emission Factor:

5.0 (kg EDC/ Mg TCE produced) x 1 Mg/1 metric ton x 1 metric ton/2200 Ibs x 2000 |bs/ short ton= 4.545 kg/ton
4545 (kg EDC/ ton TCE produced) x 1.102E-3/ 1 kg = 0.0050091 tons EDC / ton TCE produced

0.0050091 tons EDC / ton TCE produced x 2000 Ibs/ ton = 10.018 Ibs EDC / ton TCE produced

Emissions Estimate:

95.478 (million Ibs TCE produced) x (1 ton/ 2000 Ibs) x 10.018 EDC/ ton TCE produced =
= 485993 |bs TCE from chemical manufacturing of TCE x (1 ton/ 2000 |bs) =
= 242.99 tons TCE from chemica manufacturing of TCE & one facility.

Trichloroethylene and Vinylidene Chloride Emissions

Thesame methodol ogy used to calcul ate ethylene dichloride emissions was used to cal culae trichloroethylene. For
vinylidene chloride emissions, the emission factor only appliesto facilities that coproduce TCE and
tetrachloroethylene (PERC). Thus asomewha different goproach was used which combined production and
capacity datafor the one facility that coproduces TCE and PERC. Tables 1-3 (attached) contain the emission
calculations.

References:

1. U.S. Environmental Protection Agency. Locating and Estimating Air Emissions from Sources of Ethylene
Dichloride. EPA-450/4-84-007d. Research Triangle Park, North Carolina. Printed from AIR CHIEF.

2. SRI International. 1990 Directory of Chemical Producers. Menlo Park, CA. 1990. p 1047.

3. Mannsville Chemica Products Corporation. Chemical Product Synopsis- Trichloroethylene. May 1995.
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APPENDIX A: NATIONAL ESTIMATES -Chemical Manufacturing: Trichloroethylene

Methodology:

Table 1: Ethylene Dichloride (EDC) Emissions

1990 1990 EDC Cont
Annual Annual Emission EDC State | County
Facility Facility Capacity | Production Factor Emissions FIP FIP
Name Location (million Ibs) [ (million Ibs) | (Ib/ton TCE produced) (ton/year) Code Code
Dow Chemical Freeport, TX 120 95.48 10.18 242.99148 039
PPG Chemicals Group Lake Charles, LA 200 159.13 10.18 404.99(22 019
1990 Annual Emission Estimate = 647.98 tons EDC/ year from chemical manufacturing TCE
Table 2: Trichloroethylene Emissions
1990 1990|TCE

Annual Annual Emission TCE State County
Facility Facility Capacity |Production |Factor Emissions |FIP FIP
Name Location (million lbs) | (million Ibs) |(Ib/ton TCE produced) (ton/year) |Code Code
Dow Chemical Freeport, TX 120 95.48 0.3944 9.41 48 39
PPG Chemicals Group Lake Charles, LA 200 159.13 0.3944 15.69 22 19
1990 Annual Emission Estimate = 25.1 tons TCE/ year from chemical manufacturing TCE
Table 3: Vinylidene Chloride Emissions

PERC TCE TCE Vinylidene |Vinylidene
Facility Facility Capacity |Capacity |Production Chloride Chloride |FIP FIP
Name Location (million Ibs) [ (million Ibs) |(million Ibs) EF (ton/year) |Code |Code
Dow Chemical Freeport, TX 0 120 0 1.55405 O|NA NA
PPG Industries Chemicals
Group Lake Charles, LA 200 200 257.68 1.55405 100.11 22 19

1990 Annual Emission Estimate =

100.111901 tons vinylidene chloride per year

Emission factor units = Ib vinylidene chloride / ton PERC & TCE produced
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APPENDIX A: NATIONAL ESTIMATES -Chlorine Production

Methodology:

ESTIMATE OF CARBON TETRACHLORIDE, HY DROGEN CHLORIDE, CHLORINE, AND MERCURY
EMISSIONS FROM CHLORINE PRODUCTION

Approach: Estimates (1992 base year) of 13.0, 9.4, 37.2, and 6.4 tons per year of carbon tetrachloride (C. T.),
hydrogen chloride, chlorine, and mercury emissions respectively, from chlorine production were documented in the
May 16, 1997 “Technical Information Project Summary” (TIPS).! Thissummary was provided by the EPA for this
inventory.

The TIP summary reports there were 40 chlorine production facilitiesin 1992.1 The “ 1990 Directory of Chemical
Producers’ lists 51 facilities operating in 1990.2 The EPA egtimate of emissionsfor carbon tetrachloride, hydrogen
chloride, and chlorine emissions were scaled up from 40 facilitiesto 51 facilities by multiplying the national
estimate by 1.275 (51 facilities/40 facilities). Furthermore, the estimates were scaled from 1992 to 1990 estimates
by multiplying by anational chlorine production ratio developed from data found in the “Chemical Products
Synopsis- Chlorine.”® Spatial allocation of the emissions was based on the location of the facilitiesidentified the
“1990 Directory of Chemical Producers’ becauseit reflects 1990 activities. Emissions of carbon tetrachloride,
hydrogen chloride, and chlorine were allocated to each facility by multiplying the annual estimate by the ratio of
the facility capacity to the total industry capacity.

The Emissions Inventory of Section 112 (c)(6) Pollutants, June 1997, indicates the mercury estimate was based on
Section 114 questionnaire responses from 13 facilities. It is assumed the 13 facilities were the only facilities out of
40 that reported mercury emissions. The “1990 Directory of Chemical Producers’ reportsthere were 20 chlorine
facilities of the mercury cell processtype.? Since the mercury cell processtypeis the only chloralkali process that
emits mercury, spatia dlocation of the emissions was based on the location of the 20 facilites identified the “ 1990
Directory of Chemical Producers.”

Data Qualifier: Facility specific information was not available so the emissions allocated to specific counties may
be an under or over estimate of emissions. Thefacility estimates are based on facility capacity, not actual
production data.

Emissions Calculations:

13.0tons C.T./year x (51 tota facilities/40 facilities in TIPS) = 16.58 tons C. T./year (1992)

16.58 tons C. T. (1992)/year x (11846 tons chlorine 1990/11656 tons chlorine 1992) = 16.85 tons C. T./year (1990)
2190000 tonsfacility capacity / 12366000 tons total industry capacity = 0.177098

0.177098 x 16.85 tons carbon tetrachloride / year = 2.98 tons carbon tetrachloride/ year from afacility

References:

1. U.S. Environmental Protection Agency. Technical Information Project Summary. May 16, 1997. p.10.
2. SRI International. 1990 Directory of Chemical Producers. Menlo Park, CA. pp. 527 - 528.

3. Mannsville Chemical Products Corporation. Chemical Products Synopsis - Chlorine. March 1997.

4, U. S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic

Organic Matter (POM); 2,3,7,8-Tetrachl orodibenzo-P-Dioxin (TCDD)/ 2,3,7,8- Tetrachlorodibenzofuran
(TCDF); Polychlorinated Biphenyl Compounds (PCBs); Hexachlorbenzene; Mercury; and Alkylated Lead.
Final Report. Research Triangle Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Chlorine Production

Methodology:

Carbon Tetrachloride (C.T.), HCL, and Chlorine Emissions from Chlorine Production

Facility Capacity Capacity Wt.| C.T. Emiss | HCL Emiss | CL2 Emiss
Facility Name Location (1000 tons)  Factor (tonsl/yr) (tonsl/yr) (tonsl/yr)
Akzo America Chemical Div Le Moyne, Al 78 0.01 0.11 0.08 0.30
Atochem North America Portland, OR 150 0.01 0.20 0.15 0.58
Atochem North America Tacoma, WA 91 0.01 0.12 0.09 0.35
Bayer USA, Mobay Corp Baytow n, TX 90 0.01 0.12 0.09 0.35
Dow Chemical USA Freeport, TX 2190 0.18 2.98 2.16 8.54
Dow Chemical USA Pittsburg, CA 146 0.01 0.20 0.14 0.57
Dow Chemical USA Plagquemine, LA 1157 0.09 1.58 1.14 4.51
DuPont Chemicals & Pigments Niagara Falls, NY 85 0.01 0.12 0.08 0.33
Formosa Plastics Baton Rouge, LA 198 0.02 0.27 0.20 0.77
Fort How ard Corp Green Bay, WI 9 0.00 0.01 0.01 0.04
Fort How ard Corp Muskogee, OK 6 0.00 0.01 0.01 0.02
GE Plastics Burkville, AL 26 0.00 0.04 0.03 0.10
GE Plastics Mount Vernon, Al 55 0.00 0.07 0.05 0.21
Georgia Gulf Plaquemine, LA 425 0.03 0.58 0.42 1.66
Georgia Pacific Chemical Div Bellingham, WA 90 0.01 0.12 0.09 0.35
Georgia Pacific Chemical Div Brunswick, GA 53 0.00 0.07 0.05 0.21
BF Goodrich Chemical Group Calvert City, KY 120 0.01 0.16 0.12 0.47
Hanlin Group, LCP Chemicals Acme, NC 53 0.00 0.07 0.05 0.21
Hanlin Group, LCP Chemicals Brunswick, GA 106 0.01 0.14 0.10 0.41
Hanlin Group, LCP Chemicals Moundsville, WV 87 0.01 0.12 0.09 0.34
Hanlin Group, LCP Chemicals Orrington, ME 80 0.01 0.11 0.08 0.31
Hanlin Group, LCP Chemicals Syracuse, NY 91 0.01 0.12 0.09 0.35
La Roche Chemicals Gramercy, LA 200 0.02 0.27 0.20 0.78
Lin ChemInc Ashtabula, OH 40 0.00 0.05 0.04 0.16
Niachlor Inc Niagara Falls, NY 220 0.02 0.30 0.22 0.86
Occidental Chemical Corp Convent, LA 307 0.02 0.42 0.30 1.20
Occidental Chemical Corp Corpus Christi, TX 460 0.04 0.63 0.45 1.79
Occidental Chemical Corp Deer Park, TX 383 0.03 0.52 0.38 1.49
Occidental Chemical Corp Delaw are City, DE 139 0.01 0.19 0.14 0.54
Occidental Chemical Corp La Porte, TX 529 0.04 0.72 0.52 2.06
Occidental Chemical Corp Mobile, AL 37 0.00 0.05 0.04 0.14
Occidental Chemical Corp Muscle Shoals, AL 146 0.01 0.20 0.14 0.57
Occidental Chemical Corp Niagara Falls, NY 323 0.03 0.44 0.32 1.26
Occidental Chemical Corp Tacoma, WA 223 0.02 0.30 0.22 0.87
Occidental Chemical Corp Taft, LA 628 0.05 0.86 0.62 245
Olin Chemicals Augusta, GE 112 0.01 0.15 0.11 0.44
Olin Chemicals Charlestow n, TN 254 0.02 0.35 0.25 0.99
Olin Chemicals Mclntosh, AL 365 0.03 0.50 0.36 1.42
Olin Chemicals Niagara Falls, NY 90 0.01 0.12 0.09 0.35
Oregon Metallurgical Corp Albany, OR 2 0.00 0.00 0.00 0.01
Pioneer Chlor Alkali Company Henderson, NV 115 0.01 0.16 0.11 0.45
Pioneer Chlor Alkali Company St. Gabriel, LA 176 0.01 0.24 0.17 0.69
PPG Industries Chemical Group Lake Charles, LA 1148 0.09 1.56 1.13 4.47
PPG Industries Chemical Group Natrium, WV 345 0.03 0.47 0.34 1.34
Renco Group, Magnesium Corp of America Row ley, UT 15 0.00 0.02 0.01 0.06
RMI Company Ashtabula, OH 40 0.00 0.05 0.04 0.16
Trans Resources Inc, Cedar Chemical Corp Vicksburg, MS 36 0.00 0.05 0.04 0.14
Vulcan Chemicals Geismar, LA 243 0.02 0.33 0.24 0.95
Vulcan Chemicals Port Edw ards, WI 72 0.01 0.10 0.07 0.28
Vulcan Chemicals Wichita, KS 182 0.01 0.25 0.18 0.71
Weyerhauser Company Longview , WA 150 0.01 0.20 0.15 0.58
TOTAL 12366 1.00 16.85 12.18 48.20
National Emissions Data CT. HCL CL2
1992 National Emissions*(51/40) (tons)= 16.58 11.99 47.43
1990 Chlorine Production (tons)= 11846.00 11846.00 11846.00
1992 Chlorine Production (tons)= 11656.00 11656.00 11656.00
1990 National Emissions*(51/40) (calculated) | (tons)= 16.85 12.18 48.20
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APPENDIX A: NATIONAL ESTIMATES -Chlorine Production

Methodology:

Mercury Emissions from Chlorine Production

Capacity Mercury

Facility Facility Capacity = Weighting | Emissions State County
Name Location (1000 tons) Factor (tons/yr) | FIPCode | FIP Code
Akzo America Chemical Div Le Moyne, Al 78 0.86 0.00 01 097
Georgia Pacific Chemical Div Bellingham, WA 90 0.99 0.00 53 073
BF Goodrich Chemical Group Calvert City, KY 120 1.32 0.00 21 157
Hanlin Group, LCP Chemicals Acme, NC 53 0.58 0.00 37 019
Hanlin Group, LCP Chemicals Brunswick, GA 106 1.16 0.00 13 127
Hanlin Group, LCP Chemicals Moundsville, WV 87 0.96 0.00 54 051
Hanlin Group, LCP Chemicals Orrington, ME 80 0.88 0.00 23 019
Hanlin Group, LCP Chemicals Syracuse, NY 91 1.00 0.00 36 067
Lin ChemInc Ashtabula, OH 40 0.44 0.00 39 007
Occidental Chemical Corp Deer Park, TX 383 4.21 0.00 48 201
Occidental Chemical Corp Delaw are City, DE 139 153 0.00 10 003
Occidental Chemical Corp Mobile, AL 37 0.41 0.00 01 097
Occidental Chemical Corp Muscle Shoals, AL 146 1.60 0.00 01 033
Olin Chemicals Augusta, GE 112 1.23 0.00 13 245
Olin Chemicals Charlestow n, TN 254 2.79 0.00 47 011
Olin Chemicals Niagara Falls, NY 90 0.99 0.00 36 063
Pioneer Chlor Alkali Company St. Gabriel, LA 176 1.93 0.00 22 047
PPG Industries Chemical Group Lake Charles, LA 1148 12.62 0.00 22 019
PPG Industries Chemical Group Natrium, WV 345 3.79 0.00 54 103
Vulcan Chemicals Port Edw ards, WI 72 0.79 0.00 55 141
TOTAL 3647 40.08 0.00

1992 National Hg Emissions (tons)= 9.8

1990 Chlorine Production (tons)= 11846

1992 Chlorine Production (tons)= 11656

1990 National Hg Emissions (calculated) | (tons)= 9.96
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APPENDIX A: NATIONAL ESTIMATES -Chromic Acid Anodizing

Methodology:

The national chromium emission estimates for (1) hard chromium plating; (2) decorative chromium plating; and (3)
chromium anodizing are from the national baseline emission estimates that were documented on December 16, 1993
in the Federal Register for the proposed NESHAP for chromium electroplating and chromium anodizing tanks
(Reference l).

Reference:
1. National Emission Standards for Hazardous Air Pollutants; Proposed Standards for Chromium

Emissions from Hard and Decorative Chromium Electroplating and Chromium Anodizing
Tanks. Federa Register 58. Page 65768. Decenmber 16, 1993.
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APPENDIX A: NATIONAL ESTIMATES -Chromic Acid Anodizing

Methodology:

Nationw ide Chromium Emission Estimate (tons/year) (a)

Type of Operation

Small Plant (<60

Large Plant (>60

TOTAL (Small and

million Ah/yr) million Ah/yr) Large Plant)
Tons Per Year Tons Per Year Tons Per Year
Hard Chromium Plating 20.30 139.30 159.60
Decorative Chromium Plating 0.00 11.50 11.50
Chromium Anodizing 0.00 3.90 3.90
TOTAL: 175.00

(a) Reference:

National Emission Standards for Hazardous Air Pollutants; Proposed Standards
for Chromium Emissions from Hard and Decorative Chromium Electroplating and
Chromium Anodizing Tanks. Federal Register 58. Page 65768. December 16, 1993.
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APPENDIX A: NATIONAL ESTIMATES - Cigarette Smoke

Methodology:
16-PAH

The estimate comes from the 112(c)(6) report (U.S. EPA, 1997).

References

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic M ater (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzofuran

(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, M ercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Clay Products Manufacturing

Methodology:

The clay products manufacturing NESHAP includes the following SIC Codes:

3251  Brick and Structural Clay Tile

3253  Ceramic Wall and Floor Tile

3259  Structural Clay Products, nec

3261  Vitreous Plumbing Fixtures

3262  Vitreous China Table and Kitchenware

3263  Semivitreous Table and Kitchenware

3264  Porcelain Electrical Supplies

3269  Potter Products, nec

3295  Clay Products Manufacturing: Minerals and Earths, Ground or Otherwise Treated

For SIC Codes 3251 and 3259, EPA provided 1995 estimates based on an unpublished draft of an AP-42 chapter
for:

hydrogen fluoride

hydrochloric acid

benzene

bis(2-ethylhexyl)phthalate
EPA stated that the 1990 estimates are approximately 95 percent of the 1995 emissons (Marinshaw, 1997, Neuffer,
1997). For emissions not estimated by EPA, the draft AP-42 chapter was used to estimate the rest of the pollutants
in thesetwo SIC Codes (U. S. EPA, 1997a) for which there are emission factors. These are summarized in the
attached spreadshest.

All other pollutant estimates were taken from the 1990 TRI database (U.S. EPA, 1997b). For SIC Code 3295,
emissions are based on 1990 TRI datafor the SIC Code with adjustments made for the facilities tha are not to be
subject to the NESHAP (see next page).

The 1990 base year emission estimates for SIC 3295 (minerals, ground and treated) were taken from the US EPA
Toxic Release Inventory (TRI). SIC 3295 included emissions for hazardous waste-burning lightweight aggregate
kilns, whichis included in adifferent NESHAP than the clay products manufacturing NESHAP. A facility list for
hazardous waste-burning lightweight aggregate kilns in SIC 3295 was provided by US EPA. Emissionsreported in
TRI for these facilities were subtracted from the emission totals for SIC 3295. Thetable below liststhe facilities
from SIC 3295 which are not subject to the clay products manufacturing NESHAP and were not included in the
1990 base year national emission inventory.

Hazardous Waste Burning Lightweight Aggregate Kilns Not Subject to the Clay Products Manufacturing MACT
Standard

Facility L ocation EPA ID Comment

Norlite Cohoes, NY NY D080469935

Solite Green Cove Springs, FL  |FLD004059085 Stopped burning hazardous waste in 1996

Solite Brooks, KY KY D059568220

Solite Norwood, NC NCDO003152642

Solite Arvonig, VA VAD042755082

Solite Cascade, VA VADO046970521

Feaherlite |Ranger, TX TXD988040747 Filed for RCRA interim gtatus, no indication that
facility ever burned hazardous waste, not
considered part of hazardous waste universe.
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APPENDIX A: NATIONAL ESTIMATES -Clay Products Manufacturing

Methodology:
References

1.

Marinshaw, Rick, Midwest Research Ingtitute, to Bill Neuffer, U.S. Environmenta Protection Agency,
Officeof Air Quality Planning and Standards. Memorandum. HAP Emission Estimates for Clay
Manufacture. July 1997.

Neuffer, Bill, U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards, to
Bridget Kosmicki, Eastern Research Group, Inc. Telephone conversation. Emissions from Clay Products
Manufacturing. July 1997.

U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition. AP-
42, Volume |: Stationary Point and Area Sources. Draft - Chapter 11.3 Brick and Structural Clay Product
Manufacturing. Research Triangle Park, North Carolina. August 1997a.

U.S. Environmental Protection Agency. Toxic Release Inventory. 1987-1995 CD ROM (1990 Data).
EPA-749-C-97-003. Research Triangle Park, North Carolina. August 1997b.

Neuffer, William. U.S. Environmental Protection Agency, Emission Standards Division. HAP Emissions
Information (for clay products manufacturing) provided to Brian Hnat, Eastern Research Group, Inc.
July 2, 1998.

Krowlewski, Mary Jo. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency

Response. Facility List for Lightweight Aggregate Kilns provided to Brian Hnat, Eastern Research Group,
Inc. July 7, 1998.
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APPENDIX A: NATIONAL ESTIMATES -Clay Products Manufacturing

Methodology:

Subcategory: Structural Clay Products, NEC

1995 Activity Levels! | (tons/year)
Kiln, gas-fired 1.01E+07
Kiln, coal-fired 1.51E+06
Kiln, saw dust-fired 1.51E+06

Emission Factors for Brick |1995 Emission Estimates for Brick

Manufacturing Operations® [Manufacturing Operations (see example below)

3 B g 3 2 2

< =|f s|2Es| 3 = g8 |2, |5, Scg

8_B|85_8|528| 85 | 85 | 52 |285(|28%5] 228

c£8|c£8|c88| 5 | 5| 8 |Ees|Ees| E55
Pollutant cE25|TE5|g 5] 2 <2 SE |PaoE|({reuoE| foe
1,4-dichlorobenzene 4.8E-05 | 3.2E-06 | 0.0E+00 | 4.9E+02 | 4.8E+00 | 0.0E+00 | 4.9E+02 | 4.7E+02 2.3601
16-PAH 6.5E-05 | 1.0E05 | 3.4E04 | 6.6E+02 | 1.5E+01 | 5.1E+02 | 1.2E+03 | 1.1E+03 5.6E-01
Acrylonitrile 0.0E+00 | 0.0E+00 | 1.5E-05 | 0.0E+00 | 0.0E+00 | 2.3E+01 | 2.3E+01 | 2.2E+01 1.1E-02
Arsenic 3.1E05 | 1.3E04 | 3.1E05 | 3.1E+02 | 2.0E+02 | 4.7E+01 | 5.6E+02 | 5.3E+02 2.6E-01
Beryllium 4.2E-07 | 1.6E05 | 4.2E07 | 4.2E+00 | 2.4E+01 | 6.3E-01 | 2.9E+01 | 2.8E+01 1.4E-02
Cadmium 1.5E05 | 1.5E05 | 1.5E-05 | 1.5E+02 | 2.3E+01 | 2.3E+01 | 2.0E+02 | 1.9E+02 9.4E-02
Carbon disulfide 4.3E05 | 23606 | 1.6E05 | 4.4E+02 | 3.5E+00 | 2.4E+01 | 4.6E+02 | 4.4E+02 2.2E-01
Carbon tetrachloride 0.0E+00 | 5.0E-08 | 1.5E-07 | 0.0E+00 | 7.6E-02 | 2.3E-01 | 3.0E-01 | 2.9E01 1.4E-04
Chlorobenzene 0.0E+00 | 2.1E-05 | 0.0E+00 | 0.0E+00 | 3.2E+01 | 0.0E+00 | 3.2E+01 | 3.0E+01 1.5E-02
Chloroform 0.0E+00 | 5.0E-08 | 1.5E-07 | 0.0E+00 | 7.6E-02 | 2.3E01 | 3.0E01 | 2.9E01 1.4E-04
Chromium 5.1E05 | 5.1E05 | 5.1E05 | 5.2E+02 | 7.7E+01 | 7.7E+01 | 6.7E+02 | 6.4E+02 3.2E-01
Dibutyl phthalate 1.4E-04 | 0.0E+00 | 6.1E-06 | 1.4E+03 | 0.0E+00 | 9.2E+00 | 1.4E+03 | 1.4E+03 6.8E-01
Dimethylphthalate 0.0E+00 | 3.9E07 | 1.0E-05 | 0.0E+00 | 5.901 | 1.5E+01 | 1.6E+01 | 1.5E+01 7.5E-03
Ethylbenzene 44E-05 | 2.1E05 | 85E06 | 4.5E+02 | 3.2E+01 | 1.3E+01 | 4.9E+02 | 4.7E+02 2.3E-01
lodomethane 9.3E05 | 0.0E+00 | 2.0E-04 | 9.4E+02 | 0.0E+00 | 3.0E+02 | 1.2E+03 | 1.2E+03 5.9E-01
Isophorone 0.0E+00 | 3.0E-05 | 0.0E+00 | 0.0E+00 | 4.5E+01 | 0.0E+00 | 4.5E+01 | 4.3E+01 2.2E02
Lead 15E04 | 1.5E04 | 1.5E-04 | 1.5E+03 | 2.3E+02 | 2.3E+02 | 2.0E+03 | 1.9E+03 9.4E-01
Manganese 2.9E-04 | 29E04 | 1.3E02 | 2.9E+03 | 4.4E+02 | 2.0E+04 | 2.3E+04 | 2.2E+04 | 1.1E+01
Mercury 7.5E-06 | 9.6E-05 | 7.5E06 | 7.6E+01 | 1.5E+02 | 1.1E+01 | 2.3E+02 | 2.2E+02 1.1E01
Methyl bromide 0.0E+00 | 2.4E-05 | 5.0E-05 | 0.0E+00 | 3.6E+01 | 7.6E+01 | 1.1E+02 | 1.1E+02 5.3E-02
Methyl chloride 6.7E04 | 1.1E04 | 6.8204 | 6.8E+03 | 1.7E+02 | 1.0E+03 | 8.0E+03 | 7.6E+03 3.8E+00
Methyl chloroform 4.7E-06 | 8.6E06 | 1.5E07 | 4.8E+01 | 1.3E+01 | 2.3E-01 | 6.1E+01 | 5.8E+01 2.9E02
Methyl ethyl keytone 2.2E04 | 25E04 | 3.3E06 | 2.2E+03 | 3.8E+02 | 5.0E+00 | 2.6E+03 | 2.5E+03 1.2E+00
Methylene chloride 0.0E+00 | 0.0E+00 | 7.5E-06 | 0.0E+00 | 0.0E+00 | 1.1E+01 | 1.1E+01 | 1.1E+01 5.4E-03
Nickel 7.2E-05 | 7.2E05 | 7.2E05 | 7.3E+02 | 1.1E+02 | 1.1E+02 | 9.5E+02 | 9.0E+02 4.5E-01
Phenol 8.6E-05 | 5.3E05 | 7.2E05 | 8.7E+02 | 8.0E+01 | 1.1E+02 | 1.1E+03 | 1.0E+03 5.0E-01
Styrene 2.0E-05 | 5.08-08 | 2.2E-07 | 2.0E+02 | 7.6E-02 | 3.3E-01 | 2.0E+02 | 1.9E+02 | 9.6E-02
Toluene 1.6E04 | 25E04 | 1.1E04 | 1.6E+03 | 3.8E+02 | 1.7E+02 | 2.2E+03 | 2.1E+03 1.0E+00
Vinyl acetate 0.0E+00 | 5.0E-08 | 1.5E-07 | 0.0E+00 | 7.6E-02 | 2.3E01 | 3.0E01 | 2.9E01 1.4E-04
Xylenes 13604 | 1.8£04 | 3.3E05 | 1.3E+03 | 2.7E+02 | 5.0E+01 | 1.6E+03 | 1.5E+03 7.5E-01

Emission(Ib/year) = 1995 Activity (tons produced/year) * Emission Factor (Ib pollutant emitted/ton produced) * (95 Percent)
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APPENDIX A: NATIONAL ESTIMATES - Coke By-Product Plants

Methodology:

Emission estimates for Coke By-Product Recovery Plants are based on emissions reported to the Toxic Release
Inventory (TRI) in 1992. TRI emissions data (based on 19 facilities) were provided by Lula Mdton (EPA/ESD).
LulaMeton extracted the TRI databased on facility codes for coke by-product plants that were operating in 1992.

Reference:
1. Facsimile sent by LulaMéeton, U.S. EPA, to Julie H. Tucker, Eastern Research Group, Inc.
on July 29, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Coke By-Product Plants

Methodology:

Table 1: National Emissions for Coke By-Product Recovery Plants (a)
2 g | £ | ¢ 5| e
i _ o | & S| 8 |3 2| &
Facility Location s | o - g Y g Q 2
o S £ 2 1S g [e) § 8 )
c 8 = T Q = O o < = £
(5] S IS P O [ = c S S =
E sl el 2 |3 g | €18 £ |5 | ¢
a |26 ¢ |s| 2 [218]|8 |E | &
ABC Coke Tarrant, AL 5,926 74 41
Acme Steel
Co. Chicago, IL 14,900 8,110 680 2,790
Bethlehem |Burns
Steel Harbor, IN 10,250| 250] 2,250 37,500 43,000 1,850| 250 250
Indianapolis,
Citizens Gas |IN 33,946 14,461
Empire Coke
Co. Holt, AL 4,479 150
Erie Coke
Corp. Erie, PA 135 100
Geneva Steel|Geneva, UT | 11,142 6,874 5 72
Gulf States
Steel Gadsden, AL| 43,136 500| 4,420| 500| 2,250 500{4,007 14,623
LTV Steel South
Corp. Chicago, IL 24,000 500 5 5
LTV Steel
Corp. Warren, OH | 57,000 180 620 20,000 23| 48,000 20
LTV Steel Pittsburgh,
Corp. PA 83,000 1,600 120 47
National Steel|Ecorse, Ml 3,142 250 332| 1,200 14,300 54,408
New Boston [New Boston,
Coke OH 55,250 5,916 1,066
Shenango,
Inc. Pittsburg, PA | 11,592 20,978
Sloss Birmingham,
Industries AL R R
Tonaw anda |Tonaw anda,
Coke NY 603 603
uss Gary, IN 115,000 5,500 52,080 367,000] 2,480
uUss Clairton, PA 30 8,305 9
Wheeling- Follansbee,
Pitts. Steel WV 0 0
TOTAL (lbs/year): 473,501 250] 8,710( 154,318| 1,700 454,855| 4,839]6,197| 48,000( 54,408| 17,807
TOTAL (tons/year): 236.75|0.13| 4.36| 77.16| 0.85| 227.43| 2.42| 3.10| 24.00f 27.20( 8.90
NOTE:
R=TRI emissions for this facility include both coke by-product plant and
chemical specialty plant. Emissions from only coke by-product plant are
not available.
(a) These emission estimates are from 1992 Toxic Release Inventory (TRI).
ESD extracted these emission estimates based on facility codes for
coke by-product recovery plants that w ere operating in 1992. Emissions data
could not be extracted from the 1990 TRI database because data identifying
w hich plants w ere operating in 1990 are not readily available.
(b) Includes only Anthracene and Naphthalene.
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APPENDIX A: NATIONAL ESTIMATES - Coke Ovens: Charging, Top Side, and Door Leaks

Methodology:

ESTIMATE OF BENZENE, 16-PAH, AND COKE OVEN EMISIONS FROM COKE OVENS: CHARGING, TOP
SIDE, AND DOOR LEAKS

In 1990, 3.86E+07 tons of coal were charged to coke ovensin the United States.! The number of facilitieswas
obtained from EPA 2

The emission estimate for benzene was calculated by devel oping a national emission estimate for Benzene Soluble
Organics (BSO). The BSO emission factors, which are documented in Draft AP-42,° reflect pre-NESHAP controls.
A ratio of benzene to BSO was then gpplied to the BSO estimate to derive the national emission estimate for
benzene Calcul ations are shown on the following pages.

The emission factors for the 16-PAH group (2.79E-02 Ib/ton) and 7-PAH group (3.72E-03 Ib/ton) were devel oped
from the BSO emission factorsfor coke oven charging, door leaks, lid lesks, and offtake leaks. National emissions
are calculated as:

NATIONAL ACTIVITY x EMISSION FACTOR = NATIONAL EMISSIONS

Nationa coke oven emission estimates for the following two coke oven source categories were provided by EPA.
These Base Y ear 1990 emission estimates, which were documented by EPA* using Mglyear units, are converted to
tonslyear asfollows:

1. Doors, Lids, Offtakes, and Charging = 750 Mg of coke oven emissions/year

(750 Mg coke oven emissions/year) x (1000 kg/Mg) x (2.2046 Ibs/kg) x (ton/2000 Ibs) =
= 826.73 Tons coke oven emissions/year

2. Emergency Releases = 850 Mg of coke oven emissionsyear

(850 MG coke oven emissions/year) x (1000 kg/Mg) x (2.2046 Ibs/kg) x (ton/2000 |bs) =
=936.96 Tons coke oven emissions/year

References

1. Energy Information Administration. “Coke Plant Report-Quarterly.” Form EIA-5. Coke and Breeze
Production at Coke Plants. 1990 Y ear End Estimates. Washington, D.C. 1990.

2. U.S. Environmental Protection Agency. National Urban Area Source Emissions of Benzene,
1,3-Butadiene, Formaldehyde, Trichloroethylene, Perchloroethylene, Methylene Chloride, and Carbon
Tetrachloride. Final Report. Research Triangle Park, North Carolina. March 1996.

3. U.S. Environmental Protection Agency. Compilation of Air Pollution Emission Factors, Volumel:
Stationary Point and Area Sources, Fifth Edition, AP-42. Draft: Section 12.2: Coke Production. U.S.
Environmental Protection Agency, Office of Air Quality Planning and Standards, Research Triangle Park,
North Carolina. May, 1995.

4, Personal communication between Julie H. Tucker, Eastern Research Group, Inc., and Amanda Agnew,
Environmental Protection Agency, on July 1, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Coke Ovens: Charging, Top Side, and Door Leaks

Methodology:
Benzene Emissions

Coke Oven *BSO Emission Activity
Emission | Emission | Emission Factor Activity | Activity Data Data 1990 Base Year
Source Factor [Factor Units | Reference | Data Units Reference| Emission Estimates
coal tons of coal
Charging 0.0053| charged 1 3.86E+07| charged/year 2 204,580 Ibs BSOlyr
Door coal tons of coal
Leaks 0.022| charged 1 3.86E+07| charged/year 2 849,200 Ibs BSOlyr
coal tons of coal
Lid Leaks 0.0071| charged 1 3.86E+07| charged/year 2 274,060 Ibs BSOlyr
Offtake coal tons of coal
Leaks 0.0066]| charged 1 3.86E+07| charged/year 2 254,760 Ibs BSOlyr
TOTAL:| 1,582,600 Ibs BSOlyr
Using the | Conversion: 2000 Ibs = 1 ton -------- > TOTAL: 791.30 tons BSOlyr

*Emission factors reflect pre-NESHAP controls

Benzene emission estimates are derived from the final BSO emission estimate (see above) by
multiplying the pollutant-BSO ratio documented in the Draft AP-42
document (Reference 1) to the final BSO estimate. This calculation is shown in the following table:

1990 Base 1990 Base
Year BSO | Benzene | Year Benzene
Emissions | ratio to Emissions
Coke Oven Emission Source (Tonslyr) BSO (Tonslyr)
Charging, Door Leaks, Lid Leaks, and
Offtake Leaks 791.30 0.5 395.65

References:

1. Draft Table 12.2.2 from Draft AP-42, Section 12.2: Coke Production, May, 1995

2. Energy Information Administration. "Coke Plant Report-Quarterly."
Form EIA-5. Coke and Breeze Production at Coke Plants. 1990
Year End Estimates. Washingotn, D.C. 1990.
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APPENDIX A: NATIONAL ESTIMATES - Coke Ovens: Charging, Top Side, and Door Leaks

Methodology:
Polycyclic Organic Matter as 16-PAH and 7-PAHEmissions
Table 1

BSO EMISSION FACTORS FOR COKE OVEN
CHARGING, TOPSIDE, AND DOOR LEAKS (a)
Emission factors reflect Pre-NESHAP controls

BSO Emission Factor
Emission Source (Ib/ton)
Charging 5.30E-03
Door Leaks 2.20E-02
Lid Leaks 7.10E-03
Offtake Leaks 6.60E-03

(a) Emission factors are from Draft Table 12.2-2 of
Draft AP-42, Section 12.2: Coke Production,
May, 1995.

Table 2
The emission factor for each PAH below is calculated by multiplying the PAH's percent of BSO
(show n below) by the BSO emission factor listed above in Table 1 for the respective emission

source.
SPECIATION OF BSO EMISSION FACTORS
PAH 7orl6 Door Offtake
PAH Percent of BSO | Charging | Leaks |Lid Leaks| Leaks
Emission Factor Units:
(a) (b) Ibs of PAH/tons coal charged
Benz(a)anthracene 7,16 1.91%| 1.01E-04| 4.20E-04| 1.36E-04| 1.26E-04
Benzo(a)pyrene 7,16 1.38%| 7.31E-05| 3.04E-04| 9.80E-05| 9.11E-05
Benzo(b)fluoranthene 7,16 1.71%| 9.06E-05( 3.76E-04| 1.21E-04| 1.13E-04
Benzo(j+k)fluoranthene 7,16 1.22%| 6.47E-05| 2.68E-04| 8.66E-05| 8.05E-05
Chrysene/Triphenylene 7,16 2.04%| 1.08E-04| 4.49E-04| 1.45E-04| 1.35E-04
Dibenz(a,h)anthracene 7,16 0.16%| 8.48E-06| 3.52E-05| 1.14E-05| 1.06E-05
Indeno(1,2,3,-cd)pyrene 7,16 0.65%)| 3.45E-05| 1.43E-04| 4.62E-05| 4.29E-05
Acenaphthene 16 1.18%| 6.25E-05| 2.60E-04| 8.38E-05| 7.79E-05
Acenaphthylene 16 5.70%)| 3.02E-04| 1.25E-03| 4.05E-04| 3.76E-04
Anthracene 16 3.42%)| 1.81E-04| 7.52E-04| 2.43E-04| 2.26E-04
Benzo(g,h,i)perylene 16 0.61%| 3.23E-05| 1.34E-04| 4.33E-05| 4.03E-05
Fluoranthene 16 6.23%)| 3.30E-04| 1.37E-03| 4.42E-04| 4.11E-04
Fluorene 16 3.91%| 2.07E-04| 8.60E-04| 2.78E-04| 2.58E-04
Naphthalene (c) 16 20.00%| 1.06E-03| 4.40E-03| 1.42E-03| 1.32E-03
Phenanthrene 16 13.6%| 7.21E-04| 2.99E-03| 9.66E-04| 8.98E-04
Pyrene 16 4.28%)| 2.27E-04| 9.42E-04| 3.04E-04| 2.82E-04
7-PAH Emission Factor for each emission source----| 4.81E-04| 2.00E-03| 6.44E-04| 5.99E-04
16-PAH Emission Factor for each emission source --{ 3.60E-03| 1.50E-02| 4.83E-03| 4.49E-03
Final Emission Factors (sum of above emission factors for
charging, and door, lid, and offtake leaks)
7-PAH Emission Factor ------- > 3.72E-03
16-PAH Emission Factor ------- > 2.79E-02

(a) PAHSs that are 7- and/or 16-PAH.

(b) Table 4.7-1 of "Locating and Estimating Air Emissions from Sources of Polycyclic
Organic Matter. Final Report." U.S. EPA. September 1996.

(c) Naphthalene is not measured as BSO. The percentage listed reflects
the ratio of napththalene emissions to BSO emissions (0.2:1).

A-74



APPENDIX A: NATIONAL ESTIMATES - Coke Ovens: Emergency Releases

Methodology:

The emission estimates for benzene and coke oven emissions from coke ovens during emergency rel eases were
estimated asfollows. For benzene an emission factor from the draft AP-42 chapter (reference 1) was used with
activity datafrom the Energy Information Administration (reference 2). For coke oven emissions, the etimate was
provided by the U.S. EPA (reference 3).

The number of coke oven facilities was determined from aU.S. EPA report (reference 4).

References:
1. Draft Table 12.2-5 from Draft AP-42, Chapter 12: Coke Production, May, 1995.
2. Energy Information Administration. “Coke Plant Report-Quarterly.” Form EIA-5. Coke and Breeze

Production at Coke Plants. 1990 Y ear End Estimates. Washington, DC. 1990.

3. Personal communication between Julie H. Tucker, Eastern Research Group, Inc. and Amanda Agnew,
Environmental Protection Agency on uly 1, 1997.

4. U.S. Environmental Protection Agency. National Urban Area Source Emissions of Benzene,

1,3-Butadiene, Formaldehyde, Trichloroethylene, Perchloroethylene, Methylene Chloride, and Carbon
Tetrachloride. Final Report. Research Triangle Park, North Carolina. March 1996.
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APPENDIX A: NATIONAL ESTIMATES - Coke Ovens: Emergency Releases

Methodology:

Coke Oven |*Benzene Emission Activity
Emission Emission Emission Factor Activity | Activity Data 1990 Base Year Benzene
Source Factor Factor Units | Reference Data |Data Units| Reference Emission Estimates
tons of
Coke Ovens: Ib coal
Emergency Benzene/tons charged
Releases 0.22]| coal charged 1 3.86E+07| per year 2 8.49E+06 Ibs Benzene
Using the Conversion: 2000 Ibs = 1 ton ----> TOTAL:| 4.25E+03 tons Benzene

References:

*Emission factor reflects a flare control device.

1. Draft Table 12.2-5 from Draft AP-42, Chapter 12: Coke Production, May, 1995

2. Energy Information Administration. "Coke Plant Report-Quarterly."
Form EIA-5. Coke and Breeze Production at Coke Plants. 1990
Year End Estimates. Washington, D.C. 1990.
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APPENDIX A: NATIONAL ESTIMATES - Coke Ovens: Pushing, Quenching, and Battery Stacks

Methodology:
For Polycylic Organic Matter as 16-PAH emission estimates:

Federal Register Natice: Volume 62, No. 119, June 20, 1997. (Table 1, Page 33634)
For Benzene emission esimates, see the cal culations on the following page.
For number of facilities:
U.S. Environmental Protection Agency. National Urban Area Source Emissions of Benzene,

1,3-Butadiene, Formaldehyde, Trichloroethylene, Perchloroethylene, Methylene Chloride, and Carbon
Tetrachloride. Final Report. Research Triangle Park, North Carolina. March 1996.
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Methodology:

Benzene Emissions

APPENDIX A: NATIONAL ESTIMATES - Coke Ovens: Pushing, Quenching, and Battery Stacks

Coke Oven Benzene Emission
Emission Emission Emission Factor Activity | Activity | Activity Data 1990 Base Year VOC
Source Factor Factor Units | Reference Data |Data Units| Reference Emission Estimates
tons of
coal
Coke Ovens: Ib benz/tons charged
Pushing 0.002 coal charged 1 3.86E+07]| per year 2 7.72E+04 Ibs Benzene
Coke Ovens: tons of
Combustion coal
(Battery) Ib benz/tons charged
Stacks 0.013 coal charged 1 3.86E+07| per year 2 5.02E+05 Ibs Benzene
Coke Ovens:
Pushing,
Quenching
and Battery TOTAL:| 5.79E+05 Ibs Benzene
Using the Conversion: 2000 Ibs = 1 ton ----> TOTAL:| 2.90E+02|tons Benzene

References:

1. Lula Melton, U. S. Environmental Protection Agency. Emission Standards Division. Note from Marvin Branscome.
Comments on Coke Ovens information in the "Baseline Emission Inventory of HAP Emission from MACT Sources
Interim Final Report," September 18, 1998. October 14, 1998.

2. Energy Information Administration. "Coke Plant Report-Quarterly."
Form EIA-5. Coke and Breeze Production at Coke Plants. 1990
Year End Estimates. Washington, D.C. 1990.
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APPENDIX A: NATIONAL ESTIMATES -Consumer Products Usage

Methodology:

An average emission factor provided by the EllP report (U.S. EPA, 1996) draws from the following
categories: personal care products, household products, automotive aftermarket products, adhesives and
sealants, FIFRA-regulated products, coaings and related products, and misc. (not covered by the previous
list) products. There are no controls on these emissions.

Emission factors came from the EIIP report (U.S. EPA, 1996).

Activity levels came from the 1990 census (U.S. Bureau of the Census, 1990).

Activity Data Emisson Factor Egimate= Activity *
Pollutant (Persons) (Ib/per son/year) Emission Factor
1,3-Dichloropropene 2.49E+08 1.60E-01 19,896.79 ton/yr
39,793,580 Iblyr
1,4-Dichlorobenzene 2.49E+08 352E-02 4377.2938 ton/yr
8,754,587.5 |blyr
Benzene 2.49E+08 4.72E-06 0.5869553 ton/yr
1173.9106 Iblyr
Carbon tetrachloride 2.49E+08 4.10E-10 5.099E-05 ton/yr
0.101971 Iblyr
Chloroform 2.49E+08 9.91E-04 123.23574 ton/yr
246,471.48 Iblyr
Ethylene Dichloride 2.49E+08 4.65E-06 0.5782505 ton/yr
1,156.5009 Ib/yr
Formaldehyde 2.49E+08 1.26E-03 156.68722 ton/yr
313,374.44 Iblyr
Methylene Chloride 2.49E+08 3.64E-02 4523.5197 tonlyr
9,053,039.4 Ib/yr
Polycyclic Organic 2.49E+08 4.61E-02 5732.7626 ton/yr
Matter as 16-PAH 11,465,525 Iblyr
Tetrachloroethylene 2.49E+08 2.82E-02 3506.8092 ton/yr

7,013,618.4 |blyr

Trichloroethylene 2.49E+08 4.86E-04 60.43499 ton/yr
120,873 Iblyr

References

U.S. Environmental Protection Agency. Consumer and Commercia Solvent Use. Final Chapter. Prepared
for the Emission Inventory Improvement Program. August 1996. EPA-454//R-97-004c.

U.S. Bureau of the Census. 1990 Summary Tape File 1A, 1990 Decennia Census of Population and
Housing. Washington D.C.
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APPENDIX A: NATIONAL ESTIMATES -Decorative Chromium Electroplating

Methodology:

The chromium national emission estimates for (1) hard chromium plating; (2) decorative chromium plating; and (3)
chromium anodizing are from the national baseline emission estimates that were documented on December 16, 1993
in the Federal Register for the proposed NESHAP for chromium electroplating and chromium anodizing tanks
(Reference l).

Reference:
1. National Emission Standards for Hazardous Air Pollutants; Proposed Standards for Chromium

Emissions from Hard and Decorative Chromium Electroplating and Chromium Anodizing
Tanks. Federa Register 58. Page 65768. Decenmber 16, 1993.
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APPENDIX A: NATIONAL ESTIMATES -Decorative Chromium Electroplating

Methodology:

Nationw ide Chromium Emission Estimate (tons/year) (a)

Large Plant
Type of Operation Small Plant (<60 (>60 million TOTAL (Small and Large
million Ah/yr) Ah/yr) Plant)
Tons Per Year | Tons Per Year Tons Per Year
Hard Chromium Plating 20.30 139.30 159.60
Decorative Chromium Plating 0.00 11.50 11.50
Chromium Anodizing 0.00 3.90 3.90
TOTAL: 175.00

(a) Reference:

National Emission Standards for Hazardous Air Pollutants; Proposed Standards
for Chromium Emissions from Hard and Decorative Chromium Electroplating and
Chromium Anodizing Tanks. Federal Register 58. Page 65768. December 16, 1993.
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APPENDIX A: NATIONAL ESTIMATES - Dental Preparation and Use

Methodology:
M ercury

The estimate comes from the 112(c)(6) report (U.S. EPA, 1997).

There are no controlsfor this estimate.

References

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic M atter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzofuran

(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Drum and Barrel Reclamation

Methodology:
Text Method

The emission estimate for lead compounds was derived from the Draft Lead L& E. The estimatesfor 2,3,7,8-TCDD
TEQ, POM as7-PAH, and POM as 16-PAH were taken from the 112(c)(6) report.

REFERENCES

(112(c)(6) Report)

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

U.S. Environmental Protection Agency. Locaing and Estimating Air Emissions From Sources of Lead and Lead
Compounds, OAQPS, Research Triangle Park, July 1996.
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APPENDIX A: NATIONAL ESTIMATES -Dry Cleaning Facilities

Methodology:
Tetrachloroethylene emissions from dry cleaning processes include vented and fugitive emissions.

Emissions are controlled by arefrigerated condenser and leak detection and repair (LDAR) (U.S. EPA,
1996).

The number of facilities and estimate come from the 112(k) report (U.S. EPA, 1996).

Reference

U.S. Environmental Protection Agency. National Urban Area Source Emissions of Benzene, 1,3-

Butadiene, Formaldehyde, Trichloroethylene, Perchloroethylene, Methylene Chloride, and Carbon
Tetrachloride. Final Report. Research Triangle Park, North Carolina. March 1996.
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APPENDIX A: NATIONAL ESTIMATES -Electrometallurgical Products Manufacturing

Methodology:

Polycyclic Organic Matter as 16-PAH and 7-PAH estimates were fromthe 112(c)(6) reportt. Estimates for
Chromium, Lead, Manganese, and Nickel for this source category were taken from the Toxic Release Inventory,
SIC Code = 3313, SIC Description = Electrometalurgical Products.2

REFERENCES

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.
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APPENDIX A: NATIONAL ESTIMATES -Flexible Polyurethane Foam Fabrication Operations

Methodology:
Flexible Polyurethane Foam Fabrication Operations

The Methylene Chloride estimates for this source caegory were provided by ESD.*
The Cyanide Compounds emission estimate for this source category is 2 tons per year. Thisestimate was provided

by ESD.? The 2,4-toluene diisocyanate emission estimate for this source category is 1ton per year. Thisestimate
was provided by ESD.?

Reference

1. M emorandumto Eastern Research Group, Inc. from David Svensgaard, U.S. EPA/OAQPS. June 12,
1998.

2. Svensgaard, David, U.S. Environmenta Protection Agency, Emission Standards Division. Noteto

B. Driscoll, U.S. EPA. Commentson FHexible Polyurethane Foam Fabrication Operations information in
the “ Baseline Emission Inventory of HAP Emissions from MACT Sources- nterim Final Report,”
September 18, 1998.
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APPENDIX A: NATIONAL ESTIMATES -Flexible Polyurethane Foam Production

Methodology:
Flexible Palyurethane Foam Production

The Methylene Chloride, M ethylene Diphenyl Diisocyanate, and 2,4-Toluene Diisocyanate estimates for this source
category were provided by ESD.

References

Memorandumto Eastern Research Group, Inc. from David Svensgaard U.S. EPA/OAQPS. June 12, 1998.
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APPENDIX A: NATIONAL ESTIMATES -Fluorescent Lamp Recycling

Methodology:
Mercury emissions were provided in the 112(c)(6) report.

REFERENCES

(112(c)(6) Report)

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Fluorocarbon Production

Methodology:
ESTIMATE OF EMISSIONS FROM CHEMICAL MANUFACTURING OF FLUOROCARBONS

Approach: An emission factor fromthe Factor Information Retrieval (FIRE) System Database was multiplied by the
1990 production of chlorodifluoromethane (HCFC-22) reported in “ Chemical Product Synopsis - Fluorocarbons”,
February 1995, to estimate emissions from chemical manufacturing of HCFC-22. Spatial alocation of emissions
was based on the four facility locations reported in the “ 1990 Directory of Chemical Producers’ to produce
HCFC-22. The“Chemical Product Synopsis’ liststhe estimated 1995 HCFC-22 capacitiesfor each of the facilities,
and it was assumed that their 1990 capacities were similar.

Data Qualifiers: The emission factor in FIRE (0.600 Ib/ton fluorocarbon 22 produced) is representative of storage
emissions controlled with arefrigerated condenser. It is the only emission factor available for this process, sothis
estimae may not include the entire amount of emissions from this source caegory.

Example Calculations: See next page.

References:

U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database, Version 5.1a
Research Triangle Park, North Carolina.  September 1995.

Mannsville Chemica Product Corporation. Chemical Product Synopsis- Fluorocarbons. February 1995.

SRI International. 1990 Directory of Chemical Producers. Menlo Park, CA. 1990. p 674.
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APPENDIX A: NATIONAL ESTIMATES -Fluorocarbon Production

Methodology:

EMISSION FACTOR FOR HCFC-22 PRODUCTION:
0.6 Ib chloroformton HCFC-22 produced (from chemical storage)

ACTIVITY DATA FOR HCFC-22 PRODUCTION:
306 million lbs in 1990 = 153,000 tons in 1990

TOTAL NATIONAL EMISSIONS OF CHLOROFORM FROM HCFC-22 PRODUCTION
=|Total EF * Total HCFC-22 produced
(0.6 Ib chloroform/ton HCFC-22) * (153,000 tons HCFC-22)
91,800 Ib chloroform
45.9 tons chloroform from HCFC-22 production

CHEM93 Chloroform

Capacity Emissions State County
Company Location million lbs'  tons FIP Code = FIP Code
Allied-Signal Baton Rouge, LA 50 4.8 22 033
Atochem North America | Wichita, KS 95 9.2 20 173
Dupont Depw ater, NJ 300 29.0 34 033
LaRoche Chemicals Gramercy, LA 30 2.9 22 093
Total 475 45.9

Example Calculation:
Emissions from all Allied-Signal facilities

=|(Allied-Signal capacity/Total industry capacity) * Total National Chloroform Emissions
(50 million Ibs /475 million Ibs) * 45.9 tons chloroform

4.8 tons chloroform emitted from Allied-Signal facilities in 1995
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APPENDIX A: NATIONAL ESTIMATES -Food and Agricultural Products: Cotton Ginning

Methodology:

Emission factors for cotton ginning are available for two types of harvesting: machine stripping and machine picked
(U.S. EPA, 1995). Thefactorsarein units of Ib/ton of cotton ginned. In order to calculate emissons for the two
types of harvesting, activity level datawas obtained from AP-42. AP-42, Section 9.7, reported atotal of 19,122,000
bales produced in 1994/1995. Cotton is mechanically picked 99% of the time; 100% was assumed. Of this,
machine-picked cotton accounts for 70% of thetotal cotton harvested and machine-stripped cotton accounts for
about 30%. Based on these percentages, the total was split between the two harvesting types and emissions were
calculated as shown on the next page.

References

U.S. Environmenta Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition and
Supplements, AP-42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

U.S. Environmenta Protection Agency. Factor Information Retrieval (FIRE) System Database, Version 5.1a
Research Triangle Park, North Carolina.  Septermber 1995.
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APPENDIX A: NATIONAL ESTIMATES -Food and Agricultural Products: Cotton Ginning

Methodology:
cotton ginning scatb

A) Stripper-harvested cotton (accounts for about 30% of cotton harvested)

emission factor in units of Ib/ton of cotton ginned
emission factor from FIRE for stripper-harvested cotton, avg. of range reported

pollutant | factor

arsenic 0.0174
national emission estimates = 11.97802 tons per year
national activity = 19122000 | bales produced in 1994/1995
stripper-harvested= 5736600 bales
stripper-harevested= | 2.75E+09 Ib of cotton assumes 480 Ib/bale from AP-42

stripper-harevested= = 1376784 ton of cotton
B) Machine-picked cotton (accounts for about 70% of cotton harvested)

emission factor in units of 1b/ton of cotton ginned
emission factor from FIRE for picker harvested cotton

pollutant |factor
arsenic 6.00E-04

national emission estimates = 0.963749 tons per year
national activity = 19122000 bales produced in 1994/1995
picker havested= 13385400 bales

picker harvested= 6.42E+09 b of cotton

picker harvested= 3212496 ton of cotton

c) Total National emissions

12.94177 tons per year
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APPENDIX A: NATIONAL ESTIMATES -Formaldehyde, Acrolein, Acetaldehyde, Butyraldehyde Production

Methodology:

Emission estimates for acetaldehyde, acrolein, chloroform, and chloromethane from Formaldehyde, Acrolein,
Acetal dehyde, and Butyraldehyde Production are based on emission factors from the Factor Information Retrieval
(FIRE) System Database.

To estimate emissions, 1990 production & each facility was needed. The 1990 Directory of Chemicals Producer s
provides alist of facilities and their production capacities, but does not provide facility-specific annual production
data. Annual production data for each facility was estimated using facility-specific capacity date? and the ratio of
total annual production to annual capacity (1990) asreported in Chemical Synopsis series for the industries.®*

A cetaldehyde production was used to estimate emissions for acetaldehyde, chloroform, and chloromethane. 1989
activity datawere used for acetal dehyde because 1990 data were not available. Production of acrylic acid from
acrolein was used to estimate acrolein emissions. The facility emisson estimates were summed to produce the 1990
annual estimates. Spatial allocation for each chemical was based on the location of each facility as identified in
1990 Directory of Chemicals Producers.?

i

Emission factors were available only for certain emission points. Estimates may underestimate emissions from this
source category. Also note that the capacities reported in the two references did not match. No adjustments were
made; both references were used as published.

Emission factorsin FIRE! for acetaldehyde, chloroform, and chloromethane represent acetaldehyde production
emissions from an off-gas absorber vent controlled with a scrubber. These factors are based on data from one plant.
Control practices are unknown; therefore this may not accurately estimate emissions from this source.

The acrolein emission factor in FIRE! represents of fugitive emissions from the production of acrolein.
Exanple Calculation

Ratio of 1989 acetaldehyde production to annual acetaldehyde capacity:
740 million |b acetal dehyde produced, 1989 / 850 million |b capacity to produce acetaldehyde, 1990 = 0.87059

Annual production at one facility in 1990:
Ratio of 1989 acetal dehyde production to annual acetaldehyde capacity * annual capacity of the facility
0.87059 * 500 million b capacity = 435.29 million Ib produced at one facility in 1990

Estimate for acetaldehyde emissions a one facility in 1990:

acetaldehyde production * emission factor

435.29 million |b acetaldehyde produced * 1ton/20001b * 8.6 Ib acetal dehyde/ton produced
1,871,747 |b acetaldehyde

935.87 ton acetaldehyde emitted at one facility

References:

1. U.S. Environmental Protection Agency. 1995 (September). Factor Information Retrieval (FIRE) System
Database, Version 5.1a. Research Triangle Park, NC.

2. SRI International. 1990. 1990 Directory of Chemical Producers. Menlo Park, CA.

3. Mannsville Chemical Products Corporation. 1990 (May). Chemical Product Synopsis - Acetaldehyde.

4, Mannsville Chemical Products Corporation. 1992 (August). Chemical Products Synopsis- Acrylic Acid.
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APPENDIX A: NATIONAL ESTIMATES -Formaldehyde, Acrolein, Acetaldehyde, Butyraldehyde Production

Methodology:

Table 1: 1990 Acetaldehyde Emissions from Formaldehyde, Acrolein, Acetaldehyde, and Butyraldehyde Production

1990 Annual
Capacity to 1990 Annual
Produce Production of | Acetaldehyde | Acetaldehyde | State [ County
Facility Acetaldehyde | Acetaldehyde Emission Emissions FIP FIP
Facility Name Location (million Ibs) (million Ibs) Factor* (tonslyr) Code| Code
Texas Eastman Co Longview, TX 500.00 435.30 8.60 935.88]48 183
Hoechst Celanese Commodity Chemicals Bay City, TX 250.00 217.65 8.60 467.94148 (321
1990 Acetaldehyde Emission Estimate = 1,403.83 tons acetaldehyde/year from production of acetaldehyde
*Emission factor units = Ib acetaldehyde / ton acetaldehyde produced
Table 2: 1990 Acrolein Emissions from Formaldehyde, Acrolein, Acetaldehyde, and Butyraldehyde Production
1990 Annual 1990 Annual
Capacity to Production of Acrolein Acrolein State | County
Facility Produce Acrolein Acrolein Emission Emissions FIP FIP
Facility Name Location (million Ibs) (million Ibs) Factor* (tonslyr) Code| Code
BASF Chemicals Division Freepoort, TX 300.00 184.41 1.90 87.59| 48 39
Hoechst Celanese Corp Clear Lake, TX 450.00 276.61 1.90 131.39] 48 167
Rohm & Haas Texas Deer Park, TX 420.00 258.17 1.90 122.63| 48 201
Union Carbide Chemicals & Plastics Taft, LA 180.00 110.64 1.90 52.56 22 89
1990 Acrolein Emission Estimate = 394.17 tons acrolein/year from production acrylic acid from acrolein
*Emission Factor Units = Ib/ton acrolein produced
Table 3: 1990 Chloroform Emissions from Formaldehyde, Acrolein, Acetaldehyde, and Butyraldehyde Production
1990 Annual
Capacity to 1990 Annual
Produce Production of | Chloroform Chlororform | State | County
Facility Acetaldehyde | Acetaldehyde Emission Emissions FIP FP
Facility Name Location (million Ibs) (million Ibs) Factor* (tonslyr) Code| Code
Texas Eastman Co Longview , TX 500.00 416.47 0.80 83.29| 48 183
Hoechst Celanese Commodity Chemicals Bay City, TX 250.00 208.24 0.80 41.65| 48 321
1990 Chloroform Emission Estimate = 124.94 tons chloroform/year from production of acetaldehyde
*Emission Factor Units = Ib chloroform / ton acetaldehyde produced
Table 4: 1990 Chloromethane Emissions from Formaldehyde, Acrolein, Acetaldehyde, and Butyraldehyde Production
1990 Annual
Capacity to 1990 Annual
Produce Production of |Chloromethane | Chloromethane | State | County
Facility Acetaldehyde | Acetaldehyde Emission Emissions FIP FP
Facility Name Location (million Ibs) (million Ibs) Factor* (tonslyr) Code| Code
Texas Eastman Co Longview, TX 500 416.47 2.2 229.06 48 183
Hoechst Celanese Commodity Chemicals Bay City, TX 250 208.24 2.2 114.53 48 321

1990 Chloromethane Emission Estimate

343.59 tons chloromethane/year from production of actetaldehyde

*Emission factor units = Ib chloromethane / ton acetaldehyde produced
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APPENDIX A: NATIONAL ESTIMATES -Friction Products Manufacturing

Methodology:

The 1990 baseline emissions for the source category, Friction Products Manufacturing, were taken from information

collected in 1997 and provided by Susan Zapata, U.S. EPA/ESD, to Darcy Wilson, Eastern Research Group. The
information provided represented 95% of the total facilitiesinthe U.S.

Pollutants estimated from this source category:

bis(2-ethylhexyl)phthalate
Chlorobenzene
Cresols
Ethylbenzene
Formaldehyde
Hexane

M ethanol

Methyl Chloroform
Mehyl Ethyl Ketone
Phenol
Tetrachloroethylene
Toluene
Trichloroethylene
Xylene

Reference:

Zapata, Susan, U.S. EPA/ESD. Personal communication to Darcy Wilson, Eastern Research Group, “ Refractories
and Friction Products Manufacturing,” July 17, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Gasoline Distribution (Stage 1)

Methodology:

The following HAP emission estimates from stage | gasoline distribution have been derived froman EPA Memorandum.*

Benzene

Naphthalene

Hexane

Toluene
2,2,4-Trimethylpentane
Xylene

Ethylbenzene

Cumene

MTBE

Malyr
5,001
342
10,471
8,420
5,236
3,184
684
68
9,194

The estimates were for a base year of 1998. The projected fuel throughput for 1998 was 446.3 hillionIt. as noted in the EPA’s
background information document for Gasoline Distribution I ndustry (stagel).? The background document also noted that the 1990
fuel throughput was 419.698 billion It.2 This information was used to adjust the 1998 estimates to reflect 1990 emissions. It should
also be pointed out that the estimate provided in the MACT background document was based on the assumption that 1998 usage of
reformulated fuel will be approximaely 45%, which is considerably higher than 1990 reformulated fuel usage. Because of this
difference, the benzene and naphthalene estimates provided bel ow represent a conservative estimate of emissions.

Benzene

Naphthaene

Hexane

Toluene
2,2,4-Trimethylpentane
Xylene

Ethylbenzene

Cumene

MTBE

Conversion from Mg to tons.®
Benzene
Naphthalene
Hexane
Toluene
2,2,4-Trimethylpentane
Xylene
Ethylbenzene
Cumene
MTBE

5,001 Mg/yr x (419.698/446.3) = 4,702.91 Mglyr

342 Mg/yr x (419.698/446.3) = 321.61 Mglyr
10,471 Mglyr x (419.698/446.3) = 9,846.87 Mglyr
8,420 Mglyr x (419.698/446.3) = 7,918.12 Mg/yr
5,236 Mg/yr x (419.698/446.3) = 4,923.90 Mglyr
3,184 Mglyr x (419.698/446.3) = 2,994.22 Mg/yr
684 Mg/yr x (419.698/446.3) = 643.23 Mg/yr
68 Mg/yr x (419.698/446.3) =  63.95 Mglyr
9,194 Mglyr x (419.698/446.3) = 8,645.99 Mg/yr

4,702.91 Mglyr = 5,184.07 tons/yr
321.61 Mglyr=  354.51 tonslyr
9,846.87 Mg/yr = 10,855.33 tons/yr
7,918.12 Mglyr = 8,729.05 tong/yr
4,923.90 Mglyr = 5,428.18 tons/yr
2,994.22 Mglyr = 3,300.87 tong/yr
643.23 Mglyr = 709.11 tons/yr
63.95 Mg/yr = 70.50 tonslyr
8,645.99 Mglyr = 9,531.46 tons/yr

Notethat these estimates include aviation gasoline distribution.

Alkylated lead estimates were taken from the Draft Lead L& E*.

TEL TML Total
Pipelines 0.883kg 7.29 kg 8.178 kg
Bulk Teminals 1.64kg 13.6 kg 15.24 kg
Bulk Plants 2.18kg 18.0kg 20.18 kg
Total Alkylated Lead = 43.60 kg
Conversion from Kg to ton.®
43.60 kg = 96.356 Ibs = 0.0482 tons
MTBE = methyl-tert-buty| ether
TEL = tetraethyl lead
TML = tetramethyl lead
References
1. Memorandum from Greg LaFlam and Tracy Johnson, PES, to Sephen Shedd, EPA/OAQPS Speciated Hazardous Air

Pollutants- Basdl ine Emissions and Emission Reductions under the Gasoline Distribution NESHAP, 9 August 1996.

2. U.S. EPA, Gasoline Distribution Industr (Sa%el)- Bac_lfground Information for Proposed Sandards (EPA-453/R94-0023),
Officeof Air Quality Planning and Sandards, Research Triangle Park, NC 27711, January 1994.

3. Perry, Robert H. and Don Green, Perry’s Chemical Engineer’ s Handbook, sixth edition, McGraw-Hill, 1984.

4. U.S. Environmental Protection Agency. Locating and Estimating Air Emissionsfrom Sources of Lead. Draft Report.
Research Triangle Park, North Carolina. February 1997.
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APPENDIX A: NATIONAL ESTIMATES - Gasoline Distribution (Stage 1)

Methodology:
Gasoline Distribution (Stagel) - EDC

Given that EDC is only used in leaded fuel, the 1990 gasoline usage from the U.S. Federal Highway
Adminigtration’ s Highway Statistics 1990 was adjusted for leaded fuel usage based on leaded fuel fraction provided
by the U.S. EPA’ s Office of Mobile Sources.

131,583,054,000 gallons x 0.04 fraction of 1990 fuel that was leaded
=5,263,322,160 gallons of leaded fuel

An uncontrolled emission factor from AP-42 (1985) for submerged fill tank filling was applied to the 1990 |eaded
fuel usage value to estimate the ethylene dichloride emissions.

5,263,322.160 (1000 gals of leaded fuel) x 9.76E-4 (Ibs EDC/1000 gal)/2000 Ibs/ton
=257 tons of EDC

References
E-mail from Rich Cook, U.S. EPA/OMSto Richard Billings, ERG, May 15, 1998 |eaded fuel usage for 1990.

U.S. Department of Transportation/Federal Highway Administration, 1992, Highway Statistics 1990 (FHWA-PL
91-003), Washington D.C.

U.S. EPA, 1985, Compilation of Air Pollutant Emission Factors, Vol |: Staionary Point and Area Sources, Fourth
Edition, AP-42. Research Triangle Park, NC.
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APPENDIX A: NATIONAL ESTIMATES - Gasoline Distribution Stage Il

Methodology:
Benzene

Fuel throughput for 1990 was taken from the background information document for air emission standards for
gasoline digtribution stage |1 Thisfuel throughput value was applied to aVOC emission factor from atypical
service station as documented in the background information document for gasoline distribution stage I1.2
419.698 x10° | x 1,340 mg of VOC/I = 5.624 x 10* mg = 5.624 x 10® kg of VOC
Converting kg to tons
5624 x 108kg of VOC =1.240 x 10° Ib of VOC = 619,939.88 tons of VOC
The VOC egtimate was speciated using thespeciation profile found in the background information document for
gasoline digtribution stage 1.
Benzene 619,939.88 tons of VOC x 0.009 benzene fraction = 5,579.46 tons of benzene

Alkylated lead

Alkylated lead estimates were taken from the Draft Lead L& E.2

TEL 5.77kg
T™L 46.4kg
Total Alkylated Lead 52.17 kg

These dkylated lead values were put in terms of lead based on information in the L& E which noted that for both
tetraethyl lead (TEL) and tetramethyl lead (TML), 39.39 percent of alkylated lead is elemental lead.

52.17 kg x 0.3939 = 20.55 kg
Conversion from kg totons.

20.55 kg = 45.30 Ibs = .022 tons

POM
The Polycyclic Organic Matter as 16-PAH estimate isfrom the 112(c)(6) Report.*
References

1. U.S. EPA, Gasoline Distribution Industry (Stage 1)- Background Information for Proposed Standards
(EPA-453/R-94-0024a), Office of Air Quality Planning and Standards, January 1994.

2. U.S. EPA, Technica Guidance- Stage |l Vapor Recovery Systems for Control of Vehicle Refueling
Emissions at Gasoline Dispensing Facilities Volume 1 (EPA-450/3-919-0224),0Office of Air Quality
Planning and Standards, November 1991.

3. U.S. Environmental Protection Agency. Locating and Etimating Air Emissions from Sources of Lead.
Draft Report. Research Triangle Park, North Carolina. February 1997.

4, U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Gasoline Distribution Stage Il

Methodology:
Gasoline Distributions Stagell - EDC

Given that EDC is only used in leaded fuel, the 1990 gasoline usage from the U.S. Federal Highway
Adminigtration’ s Highway Statistics 1990 was adjusted for leaded fuel usage based on leaded fuel fraction provided
by the U.S. EPA’ s Office of Mobile Sources.

131,583,054,000 gallons x 0.04 fraction of 1990 fuel that was leaded
=5,263,322,160 gallons of leaded fuel

There were severa uncontrolled emission factor from AP-42 (1985) for stage Il emissions. One set of emission
factors related to vapor losses due to displacement and the other set of factors related to emissions associated with
spillage. The emission factors for each of the activities were averaged and summed.

Average vapor loss emission factor 0.00165 |bs/1000 gal
Average spillage emission factor 0.00011 Ibs/2000 gal
Tota Stagell emission factor 0.00176 Ibs/1000 gal

Thisemission factor was applied to the 1990 leaded fuel usage value to estimate the ethylene dichloride emissions
for stagell.

5,263,322.160 (1000 gals of leaded fuel) x 1.76E-3 (Ibs EDC/1000 gal)/2000 Ibs/ton
=463 tons of EDC
References

E-mail from Rich Cook, U.S. EPA/OMSto Richard Billings, ERG, May 15, 1998 |eaded fuel usage for 1990.

U.S. Department of Transportation/Federal Highway Administration, 1992, Highway Statistics 1990 (FHWA-PL
91-003), Washington D.C.

U.S. EPA, 1985, Compilation of Air Pollutant Emission Factors, Vol |: Statiionary Point and Area Sources, Fourth
Edition, AP-42. Research Triangle Park, NC.
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APPENDIX A: NATIONAL ESTIMATES - General Laboratory Activities

Methodology:
Mercury estimates were reported in the 112(c)(6) report.

REFERENCES

(112(c)(6) Report)

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Geothermal Power

Methodology:
Mercury estimates were provided in the 112(c)(6) report.

REFERENCES

(112(c)(6) Report)

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Halogenated Solvent Cleaners

Methodology:
Thefollowing HAPs are emitted from this source category:

Methy! Chloroform
Methylene Chloride
Tetrachloroethylene
Trichloroethylene

The estimate and controls information come from an EPA BID (U.S. EPA, 1993). The estimate was cal culated using
uncontrolled and controlled emission factors determined from individual plants. The type of controls are unknown.

The magjor/area percent alocation for this category is 70% major and 30% area. This allocation is based on
information provided in the EPA BID (U.S. EPA, 1993) and isbased on the following assumgtions:

1- All batch vapor cleanersarelocated at major sources. Batch open top vapor cleaners are prevalent &
metalworking and other manufacturing facilities; other batch cleaners are larger and are used for specialized
cleaning. Batch cleaners account for 47% of all halogenated solvents used in degreasers.

2- All in-line vapor cleanersarelocated at major sources. They are most often found in plants where thereis a
constant stream of partsto be cleaned. They are usualy designed for a specific workload and production rate
situation. In-line cleaners (vapor as well as cold cleaning) account for 23% of al halogenated solventsused in
degreasers. Most are vapor cleaners.

3- Theremaining halogenated solvent usagein degreasersoccurs at areasources. The remaining cleaners are
batch cold cleaning units (excluding in-line cleaners, including carburetor cleaners) that are used for small

mai ntenance cleaning and parts washing. Although most units do not use hal ogenated solvents, they still account for
30% of all halogenated solvents used in degreasers.

References
U.S. Environmental Protection Agency. National Emission Standards for Hazardous Air Pollutants: Halogenated

Solvent Cleaning-Background Information Document. Office of Air Quality Planning and Standards, Research
Triangle Park NC. November 1993. EPA -453/R-93-054
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APPENDIX A: NATIONAL ESTIMATES -Hard Chromium Electroplating

Methodology:

The chromium national emission estimates for (1) hard chromium plating; (2) decorative chromium plating; and (3)
chromium anodizing are from the national baseline emission estimates that were documented on December 16, 1993
in the Federal Register for the proposed NESHAP for chromium electroplating and chromium anodizing tanks
(Reference l).

Reference:
1. National Emission Standards for Hazardous Air Pollutants; Proposed Standards for Chromium

Emissions from Hard and Decorative Chromium Electroplating and Chromium Anodizing
Tanks. Federa Register 58. Page 65768. Decenmber 16, 1993.
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APPENDIX A: NATIONAL ESTIMATES -Hard Chromium Electroplating

Methodology:

Nationw ide Chromium Emission Estimate (tons/year) (a)

Type of Operation

Small Plant (<60
million Ah/yr)

Large Plant (>60
million Ah/yr)

TOTAL (Small and Large
Plant)

Tons Per Year

Tons Per Year

Tons Per Year

Hard Chromium Plating 20.30 139.30 159.60
Decorative Chromium Plating 0.00 11.50 11.50
Chromium Anodizing 0.00 3.90 3.90

TOTAL: 175.00

(a) Reference:

National Emission Standards for Hazardous Air Pollutants; Proposed Standards
for Chromium Emissions from Hard and Decorative Chromium Electroplating and
Chromium Anodizing Tanks. Federal Register 58. Page 65768. December 16, 1993.
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APPENDIX A: NATIONAL ESTIMATES - Hazardous Waste Incineration

Methodology:
Hazardous Waste Incineration

The estimatesin this section reflect 1996 level emissions. Estimates are provided for the following HAPSs:

Lead Chromium
Manganese Cobalt

Mercury Hydrogen Chloride
Nickel Selenium

Arsenic Chlorine

Beryllium Dioxin/Furans
Cadmium

The MACT category Hazardous Waste Incineration (HWI1) includes Portland cement facilities that burn hazardous
waste, dedicated commercial hazardous waste incinerators, lightweight aggregate kilns that burn hazardous waste,
and onsite incinerators that burn hazardous waste. Most of the estimates for these sources were provided by Frank
Behan, EPA/OSW July 1998.

All of the HWI sources, including Portland cement facilities that burn hazardous waste, are included in thissection
of theinventory. The estimates provided by OSW reflect 1996 emissions. For portland cement facilities that burn
hazardous waste, these 1996 emissions were adjusted to reflect 1990 levels based on capacity of individual facilities
that were identified as burning hazardous waste during 1990. Note that between 1990 and 1996 clinker produced
by Portland cement facilities that burn hazardous waste declined by 24 percent. The 1996 emission estimateswere
adjusted using this information to approximate 1990 emission levels. These emission levels were then summed with
the estimates for dedicated commercia hazardous waste incinerators, lightweight aggregate kilns that burn
hazardous waste, and onsite incinerators that burn hazardous waste to produce the national estimate.

The emission estimate for Polychlorinated Biphenyls (Aroclors), mercury, Polycyclic Organic Matter as 7-PAH and
dioxin/furan were available from the 112(c)(6) report (U.S. EPA, 1998).
References

U.S. EPA/OSW, e-mail from Frank Behan, EPA/OSW, and Richard Billings, ERG, HW Combustor Information, 9
July 1998.

U.S. EPA/OSW, e-mail from Frank Behan, EPA/OSW, and Richard Billings, ERG, 1996 Portland Cement Activity
Data, 15 July 1998.

U.S. EPA/OAQPS, 1990 Emissions Inventory of Section 112(c)(6) Pollutants, Research Triangle Park, NC,
April 1998.
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APPENDIX A: NATIONAL ESTIMATES - Hazardous Waste Incineration

Methodology:

1996 Emission Estimates for Hazardous Waste Incinerators*

Typer Lead (kg/yr) Manganese | Mercury Nickel |Arsenic |Beryllium
(kglyr) (9/yr) (kglyr) | (kglyr) [ (kalyr)
25 26 27 30 11 13
CINC 3.89E+03 3.99E+02 1.49E+06| 2.63E+02| 3.13E+02| 2.85E+01
LWAK 2.41E+02 1.43E+01 3.09E+04| 8.35E+01| 1.37E+01| 1.51E+00
OINC-L 4.64E+04 6.56E+02 1.09E+06| 1.22E+03| 4.45E+03| 9.21E+01
OINC-S 4.52E+02 2.49E+02 8.04E+04| 1.05E+02| 1.65E+02| 2.62E+00
1996 Total 5.10E+04 1.32E+03 2.70E+06 |1.67E+03|4.94E+03| 1.25E+02
1996 Total tons 5.62E+01 1.45 2.97 1.84 5.45 0.14
PC HAZ. WASTE tons 4.05E+01 0.49 2.75 0.67 0.32 0.04
Total tons 96.72 1.94 5.72 251 5.77 0.18

* |n this estimate EPA/OSW provided 1996 facility specific estimates for incinerators that burn hazardous w aste.
** CINC=commercial haz waste incinerator;LWAK=haz w aste lightw eight aggregate kiln; OINC-L=onsite incinerator - large;

OINC-S=onsite incinerator - small; PC = Portland cement facilities.

1996 Emission Estimates for Hazardous Waste Incinerators*

Typer Chromium VI| Chromium Ill |Chromium | Cobalt HCI Selenium
(kglyr) (kglyr) (kglyr) | (kglyr) | (kalyr) [ (kglyr)
17 106 135 173
CINC 5.50E+00 1.76E+02|  1.99E+02| 1.70E+02| 2.82E+05| 2.14E+02
LWAK 3.17E+00 8.28E+01| 8.60E+01| 1.07E+01| 1.83E+06| 3.67E+00
OINC-L 7.17E+02 1.89E+03| 2.60E+03| 1.09E+02( 1.98E+06| 9.06E+01
OINC-S 3.58E+01 1.11E+02| 1.47E+02| 3.86E+01| 4.00E+05| 1.85E+01
1996 Total 7.61E+02 2.26E+03 3.04E+03 |3.28E+02|4.49E+06| 3.27E+02
1996 Total tons 0.84 2.49 3.35 0.36 |4.95E+03 0.36
PC HAZ. WASTE tons 0.83 0.39 |4.48E+03 2.60
Total tons 4.18 0.75 9430 2.96

* |n this estimate EPA/OSW provided 1996 facility specific estimates for incinerators that burn hazardous w aste.
** CINC=commercial haz waste incinerator;LWAK=haz w aste lightw eight aggregate kiln; OINC-L=0onsite incinerator - large;

OINC-S=onsite incinerator - small; PC = Portland cement facilities.
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APPENDIX A: NATIONAL ESTIMATES -Hospital Sterilizers

Methodology:
Ethylene Oxide

The number of facilities and estimate come from an EPA memorandum (U.S. EPA, 1989a).

Hospital sterilizers use catalytic oxidation to control ethylene oxide emissions (U.S. EPA, 1989b).
References

M emorandum from David Markwordt, U.S. Environmental Protection Agency, OAQPS. March 16,1989a.
U.S. Environmental Protection Agency. Alternaive Control Technology D ocument — Ethylene Oxide

Sterilization/Fumigation Operations. Office of Air Quality Planning and Standards. March 1989b. Final
Report. Research Triangle Park, North Carolina. EPA-450/3-89-007.
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APPENDIX A: NATIONAL ESTIMATES -Human Cremation

Methodology:
Summary of Emission Estimation Method for Human Cremation

The 1990 national emission estimates for arsenic, beryllium, cadmium, chromium, formaldehyde, mercury, nickel,
and POM (as 16 PAH) were developed by multiplying an emission factor by a naional activity estimate. Emission
factors for these hazardous air pollutants, except formaldehyde, were taken from the State of California Air
Resources Board Test Report No. C-90-004 (Reference 1). The emission factor used for formal dehyde was
reported in the USEPA FIRE System Database (Reference 2). Emission factors were converted to apound per ton
basis using the procedure provided by the Emission Standards Division (Reference 3). National activity was
provided by the Emission Standards Division (Reference 3) based on an assumed body weight of 150 pounds and
information reported by the Cremation Association of North A merica (Reference 4) that 366,000 bodies were
crematedin 1990.

References:

1. State of California Air Resources Board, Engineering Evaluation Branch, Monitoring and Laboratory
Division. "Evaluation Test on Two Propane Fired Crematories & Camellia Lawn Cemetery." Test Report
No. C-90-004. October 29, 1992.

2. U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database, Version
5.1a. Research Triangle Park, North Carolina. September 1995.

3. Crume, Richard, U.S. Environmental Protection Agency, Emission Standards Division. Noteto Anne
Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Commentson Human and Animal
Cremation information in the "Baseline Emission Inventory of HAP Emissionsfrom MACT Sources --
Interim Final Report," September 18, 1998. October 30, 1998.

4. Cremation Association of North America. The Cremationist. Volume 30, Number 3, 1994.
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APPENDIX A: NATIONAL ESTIMATES -Human Cremation

Methodology:

Nationwide Emissions from Human Cremation, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions

Pollutant (Ib/ton cremated) Reference (tons cremated/year) (tons/year)
arsenic 4.00E-04 Reference 2, 3 2.75E+04 5.50E-03
beryllium 1.84E-05 Reference 2, 3 2.75E+04 2.53E-04
cadmium 1.48E-04 Reference 2, 3 2.75E+04 2.03E-03
chromium 3.99E-04 Reference 2, 3 2.75E+04 5.48E-03
formaldehyde 2.89E-09 Reference 2, 4 2.75E+04 3.98E-08
mercury 4.39E-02 Reference 2, 3 2.75E+04 6.03E-01
nickel 5.09E-04 Reference 2, 3 2.75E+04 7.00E-03
POM as 16-PAH 9.63E-04 Reference 2, 3 2.75E+04 1.32E-02
References:

1. Cremation Association of North America. The Cremationist. Volume 30, Number 3, 1994.

2. Crume, Richard, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Human and
Animal Cremation information in the "Baseline Emission Inventory of HAP Emissions from MACT
Sources -- Interim Final Report,” September 18, 1998. October 30, 1998.

3. State of California Air Resources Board, Engineering Evaluation Branch, Monitoring and
Laboratory Division. "Evaluation Test on Tw o Propane Fired Crematories at Camellia Law n
Cemetery." Test Report No. C-90-004. October 29, 1992.

4. U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database,
Version 5.1a. Research Triangle Park, North Carolina. September 1995.
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Anthracite Coal Combustion

Methodology:

The activity level for industrial anthracite coal combustion comes from the 112(c)(6) report { US EPA, 1997} and
from data supplied by the Emission Standards Division { Porter, 1998} based on information fromthe Energy
Information Administration { EIA, 1992} . The heating value conversionis from AP-42 {US EPA, 1996} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
thefollowing HAPs. All emission factors provided by ESD goply to all types of coa combustion. These emission
factors arefrom 10 facilities firing bituminous, 8 facilities firing subbituminous, and 1 facility firing lignite. Factors
apply to boilers utilizing both wet limestone scrubbers or spray dryers with an electrostatic precipitator or fabric
filter. In addition, thefactors apply to boilers utilizing only an electrostatic precipitator or fabric filter:

Acetaldehyde Chlorobenzene Isophorone Phenol

A cetophenone Ethylbenzene M ethyl Bromide Propionaldehyde
Acrolein Ethylene Dichloride Methyl Chloride Styrene

Benzene Formaldehyde Methyl Ethyl Ketone Tetrachloroethylene
Bis(2-ethylhexyl) Phthalate Hexane Methylene Chloride Toluene

Carbon Disulfide

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
thefollowing HAPs. These emission factors are from 11 facilities firing bituminous, 15 facilities firing
subbituminous, and 2 facilitiesfiring lignite. Factors apply to boilers utilizing either venturi scrubbers, spray dryer
absorbers, or wet limestone scrubbers with an el ectrostatic precipitator or fabric filter. In addition, the factors apply
to boilers utilizing only an electrostatic precipitator, fabric filter, or venturi scrubber:

Antimony Beryllium Chromium Lead Mercury Selenium
Arsenic Cadmium Cobalt Manganese Nickel

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
hydrogen chloride and hydrogen fluoride. The Emission Standards Division { Porter, 1998} supplied emission
factors for dioxing/furans (as toxic equivaency units) and POM as 16 PAH.

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in the
"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

3. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of Energy
Markets and End Use, U.S. Department of Energy, Washington, D.C. pp 230, 1992.

4, U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Anthracite Coal Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Anthracite Coal Combustion, 1991

Emission Nat'l Activity Level
Factor (Ib/ton Emission Factor (Ref. 1, 2, 3) (tons Nat'l Emissions
Pollutant coal) Reference coal burned/yr) (tons/yr)
acetaldehyde 5.7E-04 Reference 2, 3 1.29E+05 3.69E-02
acetophenone 1.5E-05 Reference 2, 3 1.29E+05 9.70E-04
acrolein 2.9E-04 Reference 2, 3 1.29E+05 1.88E-02
benzene 1.3E-03 Reference 2, 3 1.29E+05 8.41E-02
bis(2-ethylhexyl)phthalate 7.3E-05 Reference 2, 3 1.29E+05 4.72E-03
carbon disulfide 1.3E-04 Reference 2, 3 1.29E+05 8.41E-03
chlorobenzene 2.2E-05 Reference 2, 3 1.29E+05 1.42E-03
dioxins/furans (TEQ units) 3.5E-12 Reference 2 1.29E+05 2.26E-10
ethylbenzene 9.4E-05 Reference 2, 3 1.29E+05 6.08E-03
ethylene dichloride 4.0E-05 Reference 2, 3 1.29E+05 2.59E-03
formaldehyde 2.4E-04 Reference 2, 3 1.29E+05 1.55E-02
hexane 6.7E-05 Reference 2, 3 1.29E+05 4.33E-03
hydrogen chloride 1.2E+00 Reference 2, 3 1.29E+05 7.76E+01
hydrogen fluoride 1.5E01 Reference 2, 3 1.29E+05 9.70E+00
isophorone 5.8E-04 Reference 2, 3 1.29E+05 3.75E-02
methyl bromide 1.6E-04 Reference 2, 3 1.29E+05 1.03E-02
methyl chloride 5.3E-04 Reference 2, 3 1.29E+05 3.43E-02
methyl ethyl ketone 3.9E-04 Reference 2, 3 1.29E+05 2.52E-02
methylene chloride 2.9E-04 Reference 2, 3 1.29E+05 1.88E-02
phenol 1.6E-05 Reference 2, 3 1.29E+05 1.03E-03
POM as 16-PAH 1.9E-05 Reference 2 1.29E+05 1.23E-03
propionaldehyde 3.8E-04 Reference 2, 3 1.29E+05 2.46E-02
styrene 2.5E-05 Reference 2, 3 1.29E+05 1.62E-03
tetrachloroethylene 4.3E-05 Reference 2, 3 1.29E+05 2.78E-03
toluene 2.4E-04 Reference 2, 3 1.29E+05 1.55E-02

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Activity level in Btu for all coal into tons of anthracite coal:

Activity level, btu =

859 trillion Btu/yr
Bituminous and lignite, all coal use =
Anthracite, all coal use =

Fraction anthracite =

all industrial coal use

Activity level, anthracite, btu =
Heating value, anthracite =

Activity level, anthracite, tons =

trillion btu =
ton =

1.29E+05 tons/yr
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Anthracite Coal Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Anthracite Coal Combustion, 1991

Emission National Activity Level
Emission Factor Factor (Reference 1, 2, 3) National Emissions
Pollutant (Ib/ton coal) Reference (tons coal burned/year) (tons/year)
antimony 1.8E-05 Reference 2, 3 1.29E+05 1.16E-03
arsenic 4.1E-04 Reference 2, 3 1.29E+05 2.65E-02
beryllium 2.1E-05 Reference 2, 3 1.29E+05 1.36E-03
cadmium 5.1E-05 Reference 2, 3 1.29E+05 3.30E-03
chromium 2.6E-04 Reference 2, 3 1.29E+05 1.68E-02
cobalt 1.0E-04 Reference 2, 3 1.29E+05 6.47E-03
lead 4.2E-04 Reference 2, 3 1.29E+05 2.72E-02
manganese 4.9E-04 Reference 2, 3 1.29E+05 3.17E-02
mercury 8.3E-05 Reference 2, 3 1.29E+05 5.37E-03
nickel 2.8E-04 Reference 2, 3 1.29E+05 1.81E-02
selenium 1.3E-03 Reference 2, 3 1.29E+05 8.41E-02

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Activity level in Btu for all coal into tons of anthracite coal:

Activity level, btu = 859 trillion Btu/yr all industrial coal use
Bituminous and lignite, all coal use = 2.58E+09 MMBtu/yr
Anthracite, all coal use = 9594000 MMBtu/yr
Fraction anthracite = 3.70E-03
Activity level, anthracite, btu = 3.18E+00 trillion btu/yr
Heating value, anthracite = 12300 btu/lb
trillion btu = 1.00E+12 btu
ton = 2000 Ib
Activity level, anthracite, tons = 1.29E+05 tons/yr
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Bituminous and Lignite Coal Combustion

Methodology:

The activity level for industrial bituminous and lignite coal combustion comes from the 112(c)(6) report { US EPA,
1997} and from data supplied by the Emission Standards Division { Porter, 1998} based on information from the
Energy Information Administration { EIA, 1992} . The heating value conversionis from EIA { EIA, 1992} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for the
following HAPs. These emission factors are from 10 facilities firing bituminous, 8 facilities firing subbituminous,
and 1 facility firing lignite. Factors apply to boilers utilizing both wet limestone scrubbers or spray dryers with an
electrostatic precipitator or fabric filter. In addition, the factors apply to boilers utilizing only an electrostatic
precipitator or fabric filter:

Acetaldehyde Chlorobenzene Isophorone Phenol

A cetophenone Ethylbenzene Methyl Bromide Propionaldehyde
Acrolein Ethylene Dichloride Methyl Chloride Syrene

Benzene Formaldehyde Methyl Ethyl Ketone Tetrachloroethylene
Big(2-ethylhexyl) Phthalate Hexane M ethylene Chloride Toluene

Carbon Disulfide

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for the
following HAPs. These emission factors are from 11 facilities firing bituminous, 15 facilities firing subbituminous,
and 2 facilitiesfiring lignite. Factors apply to boilers utilizing either venturi scrubbers, spray dryer absorbers, or
wet limestone scrubbers with an electrostatic precipitator or fabric filter. In addition, the factors apply to boilers
utilizing only an electrostatic precipitator, fabric filter, or venturi scrubber:

Antimony Beryllium Chromium Lead Mercury Selenium
Arsenic Cadmium Cobalt Manganese Nickel

The Emission Standards Division { Porter, 1998} supplied emission factors for hydrogen chloride and hydrogen
fluoride based on AP-42 {USEPA, 1996}. The Emission Standards Division { Porter, 1998} supplied emission
factorsfor dioxins/furans (as toxic equivaency units) and POM as 16 PAH.

References

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachl orodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Commentson Industrial Boiler information in the
"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

3. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of Energy
Markets and End Use, U.S. Department of Energy, Washington, D.C. pp 230, 1992.

4, Energy Information Administration (EIA). State Energy Data Report. Office of Energy Markets and End
Use, U.S. Department of Energy, Washington, D.C. pp 39-344, 1992

5. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume |: Sationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Bituminous and Lignite Coal Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Bituminous and Lignite Coal Combustion, 1991
Emission National Activity Level
Emission Factor Factor (Reference 1, 2, 3) National Emissions

Pollutant (Ib/ton coal) Reference (tons coal burned/year) (tonsl/year)
acetaldehyde 5.7E-04 Reference 2, 4 3.81E+07 1.09E+01
acetophenone 1.5E-05 Reference 2, 4 3.81E+07 2.86E-01
acrolein 2.9E-04 Reference 2, 4 3.81E+07 5.53E+00
benzene 1.3E-03 Reference 2, 4 3.81E+07 2.48E+01
bis(2-ethylhexyl)phthalate 7.3E-05 Reference 2, 4 3.81E+07 1.39E+00
carbon disulfide 1.3E-04 Reference 2, 4 3.81E+07 2.48E+00
chlorobenzene 2.2E-05 Reference 2, 4 3.81E+07 4.19E-01
dioxins/furans (TEQ units) 3.5E-12 Reference 2, 4 3.81E+07 6.67E-08
ethylbenzene 9.4E-05 Reference 2, 4 3.81E+07 1.79E+00
ethylene dichloride 4.0E-05 Reference 2, 4 3.81E+07 7.63E-01
formaldehyde 2.4E-04 Reference 2, 4 3.81E+07 4.58E+00
hexane 6.7E-05 Reference 2, 4 3.81E+07 1.28E+00
hydrogen chloride 1.2E+00 Reference 2, 4 3.81E+07 2.29E+04
hydrogen fluoride 1.5E-01 Reference 2, 4 3.81E+07 2.86E+03
isophorone 5.8E-04 Reference 2, 4 3.81E+07 1.11E+01
methyl bromide 1.6E-04 Reference 2, 4 3.81E+07 3.05E+00
methyl chloride 5.3E-04 Reference 2, 4 3.81E+07 1.01E+01
methyl ethyl ketone 3.9E-04 Reference 2, 4 3.81E+07 7.44E+00
methylene chloride 2.9E-04 Reference 2, 4 3.81E+07 5.53E+00
phenol 1.6E-05 Reference 2, 4 3.81E+07 3.05E-01
POM as 16-PAH 1.9E-05 Reference 2 3.81E+07 3.62E-01
propionaldehyde 3.8E-04 Reference 2, 4 3.81E+07 7.24E+00
styrene 2.5E-05 Reference 2, 4 3.81E+07 4.77E-01
tetrachloroethylene 4.3E-05 Reference 2, 4 3.81E+07 8.20E-01
toluene 24E-04 Reference 2, 4 3.81E+07 4.58E+00
References:
1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic

Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-

furan (TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and

Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.
2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to

Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial

Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources

-- Interim Final Report," September 18, 1998. November 13, 1998.
3. Energy Information Administration (ElA). State Energy Data Report. Office of Energy Markets and

End Use, U.S. Department of Energy, Washington, D.C. pp 39-344, 1992.
4. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,

AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Activity level in Btu for all coal into tons of bituminous and lignite coal:

Activity level, btu = 859 trillion Btu/yr all industrial coal use
Bituminous and lignite, all coal use = 2.58E+09 MMBtu/yr
Anthracite, all coal use = 9594000 MMBtu/yr
Fraction bituminous and lignite = 9.96E-01
Activity level, bituminous and lignite, btu = 8.56E+02 | trillion btu/yr
Heating value, bituminous and lignite = 11222 btu/lb
trillion btu = 1.00E+12 btu ton = 2000/ 1b
Activity level, bituminous and lignite, tons = 3.81E+07 tons/yr
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Bituminous and Lignite Coal Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Bituminous and Lignite Coal
Combustion, 1991

Emission National Activity Level
Emission Factor Factor (Reference 1, 2, 3) | National Emissions
Pollutant (Ib/ton coal) Reference |(tons coal burned/year) (tons/year)
antimony 1.8E-05 Reference 2, 4 3.81E+07 3.43E-01
arsenic 4.1E-04 Reference 2, 4 3.81E+07 7.82E+00
beryllium 2.1E-05 Reference 2, 4 3.81E+07 4.00E-01
cadmium 5.1E-05 Reference 2, 4 3.81E+07 9.72E-01
chromium 2.6E-04 Reference 2, 4 3.81E+07 4.96E+00
cobalt 1.0E-04 Reference 2, 4 3.81E+07 1.91E+00
lead 4.2E-04 Reference 2, 4 3.81E+07 8.01E+00
manganese 4.9E-04 Reference 2, 4 3.81E+07 9.34E+00
mercury 8.3E-05 Reference 2, 4 3.81E+07 1.58E+00
nickel 2.8E-04 Reference 2, 4 3.81E+07 5.34E+00
selenium 1.3E-03 Reference 2, 4 3.81E+07 2.48E+01

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. Energy Information Administration (EIA). State Energy Data Report. Office of Energy Markets and
End Use, U.S. Department of Energy, Washington, D.C. pp 39-344, 1992.

4. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina.

Conversion of Activity level in Btu for all coal into tons of bituminous and lignite coal:

Activity level, btu = 859 trillion Btu/yr all industrial coal use
Bituminous and lignite, all coal use = 2.58E+09 MMBtu/yr
Anthracite, all coal use = 9594000 MMBtu/yr
Fraction bituminous and lignite = 9.96E-01
Activity level, bituminous and lignite, btu = 8.56E+02  trillion btu/yr
Heating value, bituminous and lignite = 11222 btu/lb
trillion btu = 1.00E+12 btu
ton = 2000 Ib
Activity level, bituminous and lignite, tons = 3.81E+07 tons/yr
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Subcategory - Industrial Boilers: Distillate Oil Combustion

Methodology:

The activity level for industria distillate combustion comes from data supplied by the Emission Standards Division
{Porter, 1998} based on information fromthe Energy Infomation Administration { EIA, 1992} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1998} for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor residual oil fired boilers. POM as 16-PAH was
calculated by summing the emission factorsfor fifteen PAH (acenaphthene, acenaphthylene, anthracene,
benz(a)anthracene, benzo(b,k) fluoranthene, benzo(g,h,i)perylene, chrysene, dibenzo(a,h)anthracene, fluoranthene,
fluorene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene). The formaldehyde emission factor is
based only on data from utilitiesusing No. 6 oil. The higher heating value for distillate oil comes fromthe Emission
Standards Division { Porter, 1998} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1998} for
arsenic, beryllium, cadmium, chromium, lead, manganese, mercury, nickel, and selenium. Dataarefor residua oil
fired boilers. Eighteen out of 19 sources were uncontrolled and 1 source was controlled with alow efficiency
electrostatic precipitator.

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in the
"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

2. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of
Energy Markets and End Use, U.S. Department of Energy, Washington, D.C. p 230, 1992.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Distillate Oil Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Distillate Oil Combustion, 1991

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/MM Btu Oil) Reference MM Btu oil burned/year (tonsl/year)
acetaldehyde 3.5E-05 Reference 1 4.00E+07 7.00E-01
benzene 1.5E-06 Reference 1, 3 4.00E+07 3.00E-02
formaldehyde 2.4E-04 Reference 1, 3 4.00E+07 4.80E+00
POM as 16-PAH 8.4E-06 Reference 1, 3 4.00E+07 1.68E-01

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

2. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of
Markets and End Use, U.S. Department of Energy, Washington, D.C. p 230, 1992.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,

AP-42 Update, Volume I: Stationary Point and Area Sources. Research Triangle Park, North
Carolina. 1996.

Conversion of Activity level in trillion Btu to MM Btu

Activity level, btu = 40 trillion Btulyr
trillion btu = 1.00E+06 MM Btu
Activity level, MM Btu = 4.00E+07 MM Btulyr

Conversion of Emission Factor in Ib/thousand gal to Ib/MM Btu

Ib/thousand gal Ib/MMBtu MM Btu/thousand gal
Benzene 2.14E-04 1.5E-06 140
Formaldehyde 3.30E-02 2.4E-04 140
POM as 16 PAH 1.19E-03 8.5E-06 140
Acenaphthene 2.11E-05
Acenapthylene 2.53E-07
Anthracene 1.22E-06
Benz(a)anthracene 4.01E-06
Benzo(b,k)fluoranthent 1.48E-06
Benzo(g,h,i)perylene 2.26E-06
Chrysene 2.38E-06
Dibenzo(a,h)anthracen 1.67E-06
Fluoranthene 4.84E-06
Fluorene 4.47E-06
Indeno(1,2,3-c,d)pyren 2.14E-06
Naphthalene 1.13E-03
Phenanthrene 1.05E-05
Pyrene 4.25E-06
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Subcategory - Industrial Boilers: Distillate Oil Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Distillate Oil Combustion, 1991

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/MM Btu Oil) Reference |[(MM Btu oil burned/year), (tonsl/year)
arsenic 4.0E-06 Reference 1, 3 4.00E+07 8.00E-02
beryllium 3.0E-06 Reference 1, 3 4.00E+07 6.00E-02
cadmium 3.0E-06 Reference 1, 3 4.00E+07 6.00E-02
chromium 3.0E-06 Reference 1, 3 4.00E+07 6.00E-02
lead 9.0E-06 Reference 1, 3 4.00E+07 1.80E-01
manganese 6.0E-06 Reference 1, 3 4.00E+07 1.20E-01
mercury 3.0E-06 Reference 1, 3 4.00E+07 6.00E-02
nickel 3.0E-06 Reference 1, 3 4.00E+07 6.00E-02
selenium 1.5E-05 Reference 1, 3 4.00E+07 3.00E-01

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

2. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of
Markets and End Use, U.S. Department of Energy, Washington, D.C. p 230, 1992.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,

AP-42 Update, Volume |: Stationary Point and Area Sources. Research Triangle Park, North
Carolina. 1996.

Conversion of Activity level in trillion Btu to MM Btu

Activity level, btu = 40 | trillion Btulyr
trillion btu = 1.00E+06 MM Btu
Activity level, MM Btu = 4.00E+07 MM Btulyr

Conversion of Emission Factor in Ib/trillion Btu to Ib/MM Btu

Ibftrillion Btu Ib/MM Btu MM Btul/trillion Btu
Arsenic 4.00E+00 4.0E-06 1.00E+06
Beryllium 3.00E+00 3.0E-06 1.00E+06
Cadmium 3.00E+00 3.0E-06 1.00E+06
Chromium 3.00E+00 3.0E-06 1.00E+06
Lead 9.00E+00 9.0E-06 1.00E+06
Manganese 6.00E+00 6.0E-06 1.00E+06
Mercury 3.00E+00 3.0E-06 1.00E+06
Nickel 3.00E+00 3.0E-06 1.00E+06
Selenium 1.50E+01 1.5E-05 1.00E+06
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Subcategory - Industrial Boilers: Natural Gas Combustion

Methodology:

The activity level for industria natural gas combustion comes from data supplied by the Emission Standards
Division { Porter, 1998} based on information from the Energy Information Administration { EIA, 1992} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1998} for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor al natural gas combustion sources. POM as 16-PAH
was calculated by summing the emission factors for the five PAH (fluoranthene, fluorene, naphthalene,
phenanthrene, and pyrene) which had emission factors reported above the method detection limit. The higher
heating value for natural gaswas supplied by the emissions standards division { Porter, 1998} .

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in the

"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

2. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of Energy
Markets and End Use, U.S. Department of Energy, Washington, D.C. p 230, 1992.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42 Update, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina.
1996.
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Natural Gas Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Natural Gas Combustion, 1991

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/MM Btu NG) Reference (MM Btu NG burned/year) (tonsl/year)
acetaldehyde 1.3E-08 Reference 1 2.10E+09 1.36E-02
benzene 2.1E-06 Reference 1, 3 2.10E+09 2.20E+00
formaldehyde 7.5E-05 Reference 1, 3 2.10E+09 7.87E+01
POM as 16-PAH 6.4E-07 Reference 1, 3 2.10E+09 6.71E-01

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

2. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of Energy
Markets and End Use, U.S. Department of Energy, Washington, D.C. p 230, 1992.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42 Update, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Activity level in trillion Btu to MM Btu

Activity level, btu = 2098 | trillion Btu/yr
trillion btu = 1.00E+06 MM Btu
Activity level, MM Btu = 2.10E+09 MM Btulyr

Conversion of Emission Factor in Ib/million scf to Ib/MM Btu

Ib/million scf Ib/MM Btu MM Btu/million scf
Benzene 2.10E-03 2.1E-06 1000
Formaldehyde 7.50E-02 7.5E-05 1000
POM as 16 PAH 6.38E-04 6.4E-07 1000
Acenaphthene <0.0000018
Acenapthylene <0.0000018
Anthracene <0.0000024
Benz(a)anthracene | <0.0000018
Benzo(a)pyrene <0.0000012

Benzo(b)fluoranthene ' <0.0000018
Benzo(g,h,i)perylene <0.0000012
Benzo(k)fluoranthene '<0.0000018

Chrysene <0.0000018
Dibenzo(a,h)anthracen <0.0000012
Fluoranthene 3.00E-06
Fluorene 2.80E-06
Indeno(1,2,3-c,d)pyren <0.0000018
Naphthalene 6.10E-04
Phenanthrene 1.70E-05
Pyrene 5.00E-06
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Subcategory - Industrial Boilers: Residual Oil Combustion

Methodology:

The activity level for industrial residual oil combustion comes from data supplied by the Emission Standards
Division { Porter, 1998} based on information from the Energy Information Administration { EIA, 1992} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1998} for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor residual oil fired boilers. POM as 16-PAH was
calculated by summing the emission factorsfor fifteen PAH (acenaphthene, acenaphthylene, anthracene,
benz(a)anthracene, benzo(b,k) fluoranthene, benzo(g,h,i)perylene, chrysene, dibenzo(a,h)anthracene, fluoranthene,
fluorene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene). The formaldehyde emission factor is
based only on data from utilitiesusing No. 6 oil. The higher heating value for residual oil was supplied by the
Emissions Standards Division { Porter, 1998} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1998} for
arsenic, beryllium, cadmium, chromium, lead, manganese, mercury, nickel, and selenium. Dataarefor residua oil
fired boilers. Eighteen out of 19 sources were uncontrolled and 1 source was controlled with alow efficiency
electrostatic precipitator.

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in the

"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

2. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of Energy
Markets and End Use, U.S. Department of Energy, Washington, D.C. p 230, 1992.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42 Update, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina.
1998.
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Subcategory - Industrial Boilers: Residual Oil Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Residual Oil Combustion, 1991

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/MM Btu Oil) Reference (MM Btu oil burned/year) (tons/year)
acetaldehyde 3.5E-05 Reference 1 2.96E+08 5.18E+00
benzene 1.5E-06 Reference 1, 3 2.96E+08 2.22E-01
formaldehyde 2.4E-04 Reference 1, 3 2.96E+08 3.55E+01
POM as 16-PAH 8.4E-06 Reference 1, 3 2.96E+08 1.24E+00

References:
1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to

Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

2. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of Energy
Markets and End Use, U.S. Department of Energy, Washington, D.C. p 230, 1992.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,

AP-42 Update, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina.
1998.

Conversion of Activity level in trillion Btu to MM Btu
Activity level, btu = 296 trillion Btu/yr

trillion btu = 1.00E+06 MM Btu
Activity level, MM Btu = 2.96E+08 MM Btulyr

Conversion of Emission Factor in Ib/thousand gal to Ib/MM Btu

Ib/thousand gal Ib/MM Btu MM Btu/thousand gal
Benzene 2.14E-04 1.5E-06 140
Formaldehyde 3.30E-02 2.4E-04 140
POM as 16 PAH 1.19E-03 8.5E-06 140
Acenaphthene 2.11E-05
Acenapthylene 2.53E-07
Anthracene 1.22E-06
Benz(a)anthracene 4.01E-06
Benzo(b,k)fluoranthene 1.48E-06
Benzo(g,h,i)perylene 2.26E-06
Chrysene 2.38E-06
Dibenzo(a,h)anthracene 1.67E-06
Fluoranthene 4.84E-06
Fluorene 4.47E-06
Indeno(1,2,3-c,d)pyrene 2.14E-06
Naphthalene 1.13E-03
Phenanthrene 1.05E-05
Pyrene 4.25E-06
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Subcategory - Industrial Boilers: Residual Oil Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Residual Oil Combustion, 1991

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions

Pollutant (Ib/MM Btu Oil) Reference (MM Btu oil burned/year) (tonsl/year)
arsenic 9.4E-06 Reference 1, 3 2.96E+08 1.39E+00
beryllium 2.0E-07 Reference 1, 3 2.96E+08 2.96E-02
cadmium 2.8E-06 Reference 1, 3 2.96E+08 4.14E-01
chromium 6.0E-06 Reference 1, 3 2.96E+08 8.88E-01
lead 1.1E-05 Reference 1, 3 2.96E+08 1.63E+00
manganese 2.1E05 Reference 1, 3 2.96E+08 3.11E+00
mercury 8.1E-07 Reference 1, 3 2.96E+08 1.20E-01
nickel 6.0E-04 Reference 1, 3 2.96E+08 8.88E+01
selenium 4.9E-06 Reference 1, 3 2.96E+08 7.25E-01
References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

2. Energy Information Administration (EIA). Manufacturing Consumption of Energy 1991. Office of
Markets and End Use, U.S. Department of Energy, Washington, D.C. p 230, 1992.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,

AP-42 Update, Volume |: Stationary Point and Area Sources. Research Triangle Park, North
Carolina. 1998.

Conversion of Activity level in trillion Btu to MM Btu
296 | trillion Btu/yr

Activity level, btu =

Activity level, MM Btu =

trillion btu =

1.00E+06 MM Btu

2.96E+08 MM Btulyr

Conversion of Emission Factor in Ib/thousand gal to Ib/MM Btu

Arsenic
Beryllium
Cadmium
Chromium
Lead
Manganese
Mercury
Nickel
Selenium

Ib/thousand gal
1.32E-03
2.78E-05
3.98E-04
8.45E-04
1.51E-03
3.00E-03
1.13E-04
8.45E-02
6.83E-04

Ib/MM Btu
9.4E-06
2.0E-07
2.8E-06
6.0E-06
1.1E05
2.1E-05
8.1E-07
6.0E-04
4.9E-06

MM Btu/thousand gal
140
140
140
140
140
140
140
140
140
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Waste Oil Combustion

Methodology:

The activity level for industrial waste oil combustion comes fromthe 112(c)(6) report { EPA, 1997}. The higher
heating value comes from the emission standards division { Porter, 1998} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor residual oil fired boilers. POM as 16-PAH was
calculated by summing the emission factorsfor fifteen PAH (acenaphthene, acenaphthylene, anthracene,
benz(a)anthracene, benzo(b,k) fluoranthene, benzo(g,h,i)perylene, chrysene, dibenzo(a,h)anthracene, fluroanthene,
fluorene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene). The formaldehyde emission factor is
based only on data from utilitiesusing No. 6 oil.

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
arsenic, beryllium, cadmium, chromium, lead, manganese, mercury, nickel, and selenium. Dataarefor digtillate oil
fired bailers.

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.
References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in the
"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,

AP-42 Update, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina.
1996.

A-124
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Subcategory - Industrial Boilers: Waste Oil Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Waste Oil Combustion, 1993

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/MM Btu Oil) Reference  |(MM Btu oil burned/year) (tonsl/year)
acetaldehyde 3.5E-05 Reference 2 8.26E+07 1.45E+00
benzene 1.5E-06 Reference 2, 3 8.26E+07 6.20E-02
formaldehyde 2.4E-04 Reference 2, 3 8.26E+07 9.91E+00
POM as 16-PAH 8.4E-06 Reference 2, 3 8.26E+07 3.47E-01

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,

AP-42 Update, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina.
1996.

Conversion of Activity level in gal/yr to MM Btu/yr
Activity level, gallyr = 5.90E+08 gallyr

higher heating value = 1.40E-01 MM Btu/gal
Activity level, MM Btu = 8.26E+07 MM Btulyr

Conversion of Emission Factor in Ib/thousand gal to Ib/MM Btu

Ib/thousand gal Ib/MM Btu MM Btu/thousand gal
Benzene 2.14E-04 1.5E-06 140
Formaldehyde 3.30E-02 2.4E-04 140
POM as 16 PAH 1.19E-03 8.5E-06 140
Acenaphthene 2.11E-05
Acenapthylene 2.53E-07
Anthracene 1.22E-06
Benz(a)anthracene 4.01E-06
Benzo(b,k)fluoranthene 1.48E-06
Benzo(g,h,i)perylene 2.26E-06
Chrysene 2.38E-06
Dibenzo(a,h)anthracene 1.67E-06
Fluoranthene 4.84E-06
Fluorene 4.47E-06
Indeno(1,2,3-c,d)pyrene 2.14E-06
Naphthalene 1.13E-03
Phenanthrene 1.05E-05
Pyrene 4.25E-06
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Subcategory - Industrial Boilers: Waste Oil Combustion

Methodology:

Nationwide Emissions from Industrial Boilers for Waste Oil Combustion, 1993

1998.

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions

Pollutant (Ib/MM Btu Oil) Reference (MM Btu oil burned/year) (tons/year)
arsenic 4.0E-06 Reference 2, 3 8.26E+07 1.65E-01
beryllium 3.0E-06 Reference 2, 3 8.26E+07 1.24E-01
cadmium 3.0E-06 Reference 2, 3 8.26E+07 1.24E-01
chromium 3.0E-06 Reference 2, 3 8.26E+07 1.24E-01
lead 9.0E-06 Reference 2, 3 8.26E+07 3.72E-01
manganese 6.0E-06 Reference 2, 3 8.26E+07 2.48E-01
mercury 3.0E-06 Reference 2, 3 8.26E+07 1.24E-01
nickel 3.0E-06 Reference 2, 3 8.26E+07 1.24E-01
selenium 1.5E-05 Reference 2, 3 8.26E+07 6.20E-01
References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42 Update, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina.

Conversion of Activity level in gal/yr to MM Btu/yr
5.90E+08 gallyr

Activity level, gallyr =

Activity level, MM Btu =

higher heating value =

1.40E-01

8.26E+07 MM Btulyr

Conversion of Emission Factor in Ib/trillion Btu to Ib/MM Btu

Arsenic
Beryllium
Cadmium
Chromium
Lead
Manganese
Mercury
Nickel
Selenium

Ibftrillion Btu
4.00E+00
3.00E+00
3.00E+00
3.00E+00
9.00E+00
6.00E+00
3.00E+00
3.00E+00
1.50E+01

Ib/MM Btu
4.0E-06
3.0E-06
3.0E-06
3.0E-06
9.0E-06
6.0E-06
3.0E-06
3.0E-06
1.5E-05

MM Btul/trillion Btu
1.00E+06
1.00E+06
1.00E+06
1.00E+06
1.00E+06
1.00E+06
1.00E+06
1.00E+06
1.00E+06
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APPENDIX A: NATIONAL ESTIMATES -Industrial Boilers

Subcategory - Industrial Boilers: Wood/Wood Residue Combustion

Methodology:

The HAP estimates on the next page for industrial wood/wood waste combustion emissions will be developed by
multiplying activity by the appropriate emission factor.

Activity for theindustrial wood/wood waste combustion estimate was derived from information received by the
American Forest and Paper Association (1996) and the Energy Information Administration (1991).

Emission factors for formaldehyde, hydrogen chloride, arsenic, cadmium, chromium, lead, mercury, and manganese
were supplied by the Emissions Standards Division { Porter, 1998} based on information in the AP-42 database
{EPA, 1996}. The conversion factor of 4500 Btu/lb fuel burned is also taken directly from the AP-42 database
(1996). All emission factors were taken from uncontrolled combustors.

The Emission Standards Division { Porter, 1998} also supplied emission factorsfor POM as 16 PAH, dioxin/furan
in toxic equivalency units, and nickel.

Emission factorsfor Polycyclic Organic Matter as 7-PAH and EOM were taken from the Section 112(c)(6) report
{U.S.EPA, 1997}.

References

Energy Information Administration. Estimates of U.S. Biofuels Consumption 1990, DOE/EIA-0548(90), October
1991

American Forest and Paper Association. 1996 Statistics Data Through 1995, Paper, Paperboard, and Wood Pulp.
Washington D.C. 1996.

Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Noteto Anne Pope, U.S.
EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in the "Baseline
Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report," September 18, 1998.
November 13, 1998.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition and
Supplements, AP-42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A:

Subcategory - Industrial Boilers: Wood/Wood Residue Combustion

NATIONAL ESTIMATES -Industrial Boilers

Methodology:

Activity: 1562 |trillion Btu from industrial sector

-1232|trillion Btu from pulp and paper industry

330|trillion Btu

from non-pulp and paper industry (dry fuel)

+

378|trillion Btu

from pulp and paper consumption of hogged fuel and bark (50 % moisture)

708|trillion Btu

All HAPs except 7-PAH and EOM

Emission factors are given in terms of |b pollutant per ton of fue

with a 50% moisture content, thus activity will be converted to

this unit.

708e12Btu X 1 Ib 50 % moisture wood fuel/4500 Btu = 1.57E+11 Ib 50 % moisture wood fuel
=|7.87E+07 tons 50 % moisture wood fuel

Estimate Estimate
Pollutant Name Factor (Ib/ton) (tons/yr) (Ib./yr)
Arsenic & Compounds (inorganic including Arsine) 8.50E-05 3.34E+00 6.69E+03
Cadmium and Compounds 2.10E-05 8.26E-01 1.65E+03
Chromium and Compounds 1.60E-04 6.29E+00 1.26E+04
Dioxins/Furans (as TEQ units) 2.50E-09 9.83E-05 1.97E-01
Formaldehyde 8.20E-03 3.23E+02 6.45E+05
Hydrogen Chloride 7.80E-03 3.07E+02 6.14E+05
Lead and Compounds 4.50E-04 1.77E+01 3.54E+04
Manganese and Compounds 1.30E-02 5.11E+02 1.02E+06
Mercury and Compounds 5.20E-06 2.05E-01 4.09E+02
Nickel and Compounds 2.10E-05 8.26E-01 1.65E+03
POM as 16 PAH 3.50E-03 1.38E+02 2.75E+05

Sample calculation:

0.000085 Ib. Arsenic

7.87 e+7 tons of wood/wood waste

1 ton Arsenic

ton of wood/wood waste burned with 50 % moisture

with 50% moisture

2000 Ib. Arsenic

7-PAH and EOM ONLY

The emission factors are given in terms of Ib. pollutant / ton of

dry wood burned

thus the activity must be converted to tons of dry wood.

708 trillion Btu X 1 Ib dry wood / 8650 Btu = 8.18E+10|Ib dry wood/wood waste
4.09E+07 [tons dry wood/wood waste
Estimate Estimate
Pollutant Name Factor (Ib/ton) (tons/yr) (Ib./yr)
7-PAH 5.90E-05 1.21E+00 2.41E+03
EOM 2.16E+00 4.42E+04 8.84E+07
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APPENDIX A: NATIONAL ESTIMATES -Industrial Process Cooling Towers

Methodology:

The chromium estimate of 25 tons/year for industrial process cooling towers was provided by ESD.

Reference

1. Telecom from Phil Mulrine, EPA-ESD to Bridget Kosmicki, ERG Confirmed 7-30-97.
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APPENDIX A: NATIONAL ESTIMATES -Inorganic Pigments Manufacturing

Methodology:
Approach:

The 1990 estimate of emissions of cadmium compounds from manufacturing of inorganic pigments istaken from
the document “Locating and Estimating Air Emissions From Sources of Cadmium and Cadmium Compounds’
(U.S. EPA, 1995). Table4-8inthe L&E document identifies each manufacturer reporting cadmium emissionsin
the 1990 Toxic Chemicals Release Inventory (TRIS). Spatia allocation of the estimates was based on location of
thefacilitiesidentified in theL & E document.

Cadmium Emissions Estimate
3421 Ibs cadmium emissions 1990 x (1 ton/ 2000 Ib) = 1.7105 tons cadmium compounds emitted in 1990 from
the manufacturing of inorganic pigments.

Other HAPs

The remaining HAP estimates for |norganic Pigments Manufacturing were taken from the TRI database (U.S. EPA,
1997) based on the following SIC Code: 2816 (Inorganic Pigments).

References:

U.S. Environmental Protection Agency. Locaing and Estimating Air Emissions From Sources of Cadmium and
Cadmium Compounds. Section4.2. From the: Air CHIEF CD-ROM, Version 4.0. EPA 454/C-95-001. Research
Triangle Park, North Carolina. July 1995.

U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data). EPA 749-C-
97-003. Research Triangle Park, North Carolina. August 1997.
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APPENDIX A: NATIONAL ESTIMATES -Inorganic Pigments Manufacturing

Methodology:

Cadmium |Cadmium [State |County

Facility Facility Emissions |Emissions [FIP FP

Name Location (Iblyr) (ton/yr) Code |Code
CP Chemicals Sumter, SC 500 0.25 48|085
Drakenfeld Colors Washington, PA 323 0.1615 421125
Ferro Corp Cleveland,OH 348 0.174 39]035
Ferro Corp Pittsburgh, PA 260 0.13 421003
Engelhard Corp Louisville, KY 1315 0.6575 211111
Johnson Matthey Inc  |West Chester, PA 500 0.25 421029
SCM Glidco Organics {Baltimore, MD 175 0.0875 241510

1990 Annual Emission Estimate = 1.7105 tons cadmium compound

Estimate: 3421 Ibs cadmium emissions 1990 x (1 ton / 2000 Ib) = 1.7105 tons cadmium compounds emitted in 1990 from
the manufacturing of inorganic pigments.
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APPENDIX A: NATIONAL ESTIMATES -Inorganic Pigments: Cadmium Pigments in Plastics

Methodology:

Approach:

1990 estimate of emissions fromblending of cadmium pigmentsin plastics are from the document “Locating and
Estimating Air Emissions From Sources of Cadmium and Cadmium Compounds’. Table5-5in the L& E document
identifies each manufacturer reporting cadmium emissions in the 1990 Toxic Chemicals Release Inventory (TRIS).
Spatial allocation of the estimates was based on location of the facilitiesidentified inthe L & E document.

Estimate:
4320 Ibs cadmium emissions 1990 x (1 ton/ 2000 Ib) = 2.16 tons cadmium compounds emitted in 1990 from the
manufacturing of cadmium pigmentsin plastics.

References:

U.S. Environmental Protection Agency. Locating and Estimating Air Emissions From Sources of Cadmium and
Cadmium Compounds. Section 5.4. Fromthe: Air CHIEF CD-ROM, Version 4.0. EPA-454/C-95-001.
Research Triangle Park, North Carolina. July 1995.
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APPENDIX A: NATIONAL ESTIMATES -Inorganic Pigments: Cadmium Pigments in Plastics

Methodology:

Cadmium |Cadmium [State |County
Facility Facility Emissions | Emissions |FIP FIP
Name Location (Iblyr) (ton/yr) Code |Code
Plastics Color Chip Ashboro, NC 500 0.25 37|151
Plastics Color Chip Calumet City, IL 255 0.1275 17(031
Vista Chemical Co Jeffersontow n, KY 255 0.1275 21]111
Reed Plastics Corp Albion, MI 5 0.0025 261025
Reed Plastics Corp Holden, MA 5 0.0025 251027
General Color and Chemical Co [Minerva, OH 250 0.125 39(151
A. Schilman Inc Akron, OH 10 0.005 39]153
PMS Consolidated Norw alk, OH 500 0.25 39|077
PMS Consolidated Ft. Worth, TX 255 0.1275 48439
PMS Consolidated Florence, KY 255 0.1275 211015
PMS Consolidated Gastonia, NC 500 0.25 37(071
PMS Consolidated St. Peters, MO 500 0.25 291183
PMS Consolidated Somerset, NJ 255 0.1275 34]035
PMS Consolidated Bk Grove Village, IL 255 0.1275 17(031
Teknor Apex Co Paw tucket, RI 10 0.005 441007
Hoechst Celanese Florence, KY 10 0.005 211015
Quantum Chemical Fairport Harbor, OH 500 0.25 39(085

1990 Annual Emission Estimate =

Estimate: 4320 Ibs cadmium emissions 1990 x (1 ton / 2000 Ib) = 2.16 tons cadmium compounds emitted in 1990 from

the manufacturing of cadmium pigments in plastics.

2.16|tons cadmium compound
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Anthracite Coal Combustion

Methodology:

The activity data used to calculate the HAPs on the following page were taken fromthe Section 112(c)(6) report
{EPA, 1997}.

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
the following HAPs. All emission factors provided by ESD goply to all types of coa combustion. These emission
factors arefrom 10 facilities firing bituminous, 8 facilities firing subbituminous, and 1 facility firing lignite. Factors
apply to boilers utilizing both wet limestone scrubbers or spray dryerswith an electrostatic precipitator or fabric
filter. In addition, thefactors apply to boilers utilizing only an electrostatic precipitator or fabric filter:

Acetaldehyde Chlorobenzene Isophorone Phenol

A cetophenone Ethylbenzene M ethyl Bromide Propionaldehyde
Acrolein Ethylene Dichloride Methyl Chloride Styrene

Benzene Formaldehyde Methyl Ethyl Ketone Tetrachloroethylene
Bis(2-ethylhexyl) Phthalate Hexane Methylene Chloride Toluene

Carbon Disulfide

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
the following HAPs. These emission factors are from 11 facilities firing bituminous, 15 facilitiesfiring
subbituminous, and 2 facilitiesfiring lignite. Factors apply to boilers utilizing either venturi scrubbers, spray dryer
absorbers, or wet limestone scrubbers with an el ectrostatic precipitator or fabric filter. In addition, the factors apply
to boilers utilizing only an electrostatic precipitator, fabric filter, or venturi scrubber:

Antimony Cadmium Lead Nickel
Arsenic Chromium Manganese Selenium
Beryllium Cobat Mercury

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
hydrogen chloride and hydrogen fluoride.

The Emission Standards Division { Porter, 1998} supplied emission factors for dioxing/furans (as toxic equivaency
units) and POM as 16 PAH.

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/lnstitutional Heating
information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final
Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume |: Sationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Anthracite Coal Combustion

Methodology:

Nationwide Emissions from Commercial/lnstitutional Heating for Anthracite Coal Combustion,
1990
Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/ton coal) Reference | (tons coal burned/year) (tonslyear)
acetaldehyde 5.7E-04 Reference 2, 3 4.93E+05 1.41E-01
acetophenone 1.5E-05 Reference 2, 3 4.93E+05 3.70E-03
acrolein 2.9E-04 Reference 2, 3 4.93E+05 7.15E-02
benzene 1.3E-03 Reference 2, 3 4.93E+05 3.20E-01
bis(2-ethylhexyl)phthalate 7.3E-05 Reference 2, 3 4.93E+05 1.80E-02
carbon disulfide 1.3E-04 Reference 2, 3 4.93E+05 3.20E-02
chlorobenzene 2.2E-05 Reference 2, 3 4.93E+05 5.42E-03
dioxins/furans (TEQ units) 3.5E-12 Reference 2 4.93E+05 8.63E-10
ethylbenzene 9.4E-05 Reference 2, 3 4.93E+05 2.32E-02
ethylene dichloride 4.0E-05 Reference 2, 3 4.93E+05 9.86E-03
formaldehyde 2.4E-04 Reference 2, 3 4.93E+05 5.92E-02
hexane 6.7E-05 Reference 2, 3 4.93E+05 1.65E-02
hydrogen chloride 1.2E+00 Reference 2, 3 4.93E+05 2.96E+02
hydrogen fluoride 1.5E-01 Reference 2, 3 4.93E+05 3.70E+01
isophorone 5.8E-04 Reference 2, 3 4.93E+05 1.43E-01
methyl bromide 1.6E-04 Reference 2, 3 4.93E+05 3.94E-02
methyl chloride 5.3E-04 Reference 2, 3 4.93E+05 1.31E-01
methyl ethyl ketone 3.9E-04 Reference 2, 3 4.93E+05 9.61E-02
methylene chloride 2.9E-04 Reference 2, 3 4.93E+05 7.15E-02
phenol 1.6E-05 Reference 2, 3 4.93E+05 3.94E-03

POM as 16-PAH 1.9E-05 Reference 2 4.93E+05 4.68E-03

propionaldehyde 3.8E-04 Reference 2, 3 4.93E+05 9.37E-02

styrene 2.5E-05 Reference 2, 3 4.93E+05 6.16E-03
tetrachloroethylene 4.3E-05 Reference 2, 3 4.93E+05 1.06E-02
toluene 2.4E-04 Reference 2, 3 4.93E+05 5.92E-02

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/lnstitutional
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Anthracite Coal Combustion

Methodology:

Nationwide Emissions from Commercial/lnstitutional Heating for Anthracite Coal
Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/ton coal) Reference (tons coal burned/year) (tons/year)
antimony 1.8E-05 Reference 2, 3 4.93E+05 4.44E-03
arsenic 4.1E-04 Reference 2, 3 4.93E+05 1.01E-01
beryllium 2.1E-05 Reference 2, 3 4.93E+05 5.18E-03
cadmium 5.1E-05 Reference 2, 3 4.93E+05 1.26E-02
chromium 2.6E-04 Reference 2, 3 4.93E+05 6.41E-02
cobalt 1.0E-04 Reference 2, 3 4.93E+05 2.47E-02
lead 4.2E-04 Reference 2, 3 4.93E+05 1.04E-01
manganese 4.9E-04 Reference 2, 3 4.93E+05 1.21E-01
mercury 8.3E-05 Reference 2, 3 4.93E+05 2.05E-02
nickel 2.8E-04 Reference 2, 3 4.93E+05 6.90E-02
selenium 1.3E-03 Reference 2, 3 4.93E+05 3.20E-01

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Bituminous and Lignite Coal Combustion

Methodology:

The activity data used for calculating the HAPs on the following pages are fromthe Section 112(c)(6) report { EPA,
1997} and the Energy Information Administration{ EIA, 1992} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
the following HAPs. These emission factors are from 10 facilities firing bituminous, 8 facilitiesfiring
subbituminous, and 1 facility firing lignite. Factors gpply to boilers utilizing both wet limestone scrubbers or spray
dryerswith an electrostatic precipitator or fabricfilter. In addition, the factors goply to boilers utilizing only an
electrostatic precipitator or fabric filter:

Acetaldehyde Chlorobenzene Isophorone Phenol

A cetophenone Ethylbenzene M ethyl Bromide Propionaldehyde
Acrolein Ethylene Dichloride Methyl Chloride Styrene

Benzene Formaldehyde Methyl Ethyl Ketone Tetrachloroethylene
Bis(2-ethylhexyl) Phthalate Hexane Methylene Chloride Toluene

Carbon Disulfide

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
the following HAPs. These emission factors are from 11 facilities firing bituminous, 15 facilitiesfiring
subbituminous, and 2 facilitiesfiring lignite. Factors apply to boilers utilizing either venturi scrubbers, spray dryer
absorbers, or wet limestone scrubbers with an el ectrostatic precipitator or fabric filter. In addition, the factors apply
to boilers utilizing only an electrostatic precipitator, fabric filter, or venturi scrubber:

Antimony Beryllium Chromium Lead Mercury Selenium
Arsenic Cadmium Cobalt Manganese Nickel

The Emission Standards Division { Porter, 1998} supplied emission factors for hydrogen chloride and hydrogen
fluoride based on AP-42 { USEPA, 1996}. The Emission Standards Division { Porter, 1998} supplied emission
factors for dioxing/furans (as toxic eguivalency units) and POM as 16 PAH.

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Energy Information Administration (EIA). State Energy Data Report. Office of Energy Markets and End
Use, U.S. Department of Energy, Washington, D.C. pp 39-344, 1992,

3. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/lnstitutional Heating
information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final
Report," September 18, 1998. November 13, 1998.

4. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume |: Sationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Bituminous and Lignite Coal Combustion

Methodology:

Nationwide Emissions from Commercial/lnstitutional Heating for Bituminous and Lignite Coal
Combustion, 1990
Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions

Pollutant (Ib/ton coal) Reference (tons coal burned/year) (tonsl/year)
acetaldehyde 5.7E-04 Reference 3, 4 3.58E+06 1.02E+00
acetophenone 1.5E-05 Reference 3, 4 3.58E+06 2.69E-02
acrolein 2.9E-04 Reference 3, 4 3.58E+06 5.19E-01
benzene 1.3E-03 Reference 3, 4 3.58E+06 2.33E+00
bis(2-ethylhexyl)phthalate 7.3E-05 Reference 3, 4 3.58E+06 1.31E-01
carbon disulfide 1.3E-04 Reference 3, 4 3.58E+06 2.33E-01
chlorobenzene 2.2E-05 Reference 3, 4 3.58E+06 3.94E-02
dioxins/furans (TEQ units) 3.5E-12 Reference 3 3.58E+06 6.27E-09
ethylbenzene 9.4E-05 Reference 3, 4 3.58E+06 1.68E-01
ethylene dichloride 4.0E-05 Reference 3, 4 3.58E+06 7.16E-02
formaldehyde 2.4E-04 Reference 3, 4 3.58E+06 4.30E-01
hexane 6.7E-05 Reference 3, 4 3.58E+06 1.20E-01
hydrogen chloride 1.2E+00 Reference 3, 4 3.58E+06 2.15E+03
hydrogen fluoride 1.5E-01 Reference 3, 4 3.58E+06 2.69E+02
isophorone 5.8E-04 Reference 3, 4 3.58E+06 1.04E+00
methyl bromide 1.6E-04 Reference 3, 4 3.58E+06 2.86E-01
methyl chloride 5.3E-04 Reference 3, 4 3.58E+06 9.49E-01
methyl ethyl ketone 3.9E-04 Reference 3, 4 3.58E+06 6.98E-01
methylene chloride 2.9E-04 Reference 3, 4 3.58E+06 5.19E-01
phenol 1.6E-05 Reference 3, 4 3.58E+06 2.86E-02
POM as 16-PAH 1.9E-05 Reference 3 3.58E+06 3.40E-02
propionaldehyde 3.8E-04 Reference 3, 4 3.58E+06 6.80E-01
styrene 2.5E-05 Reference 3, 4 3.58E+06 4.48E-02
tetrachloroethylene 4.3E-05 Reference 3, 4 3.58E+06 7.70E-02
toluene 2.4E-04 Reference 3, 4 3.58E+06 4.30E-01
References:
1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic

Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-

furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and

Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.
2. Energy Information Administration (EIA). State Energy Data Report. Office of Energy Markets and

End Use, U.S. Department of Energy, Washington, D.C. pp 39-344, 1992,
3. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to

Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/lnstitutional

Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources

-- Interim Final Report," September 18, 1998. November 13, 1998.
4. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,

AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Bituminous and Lignite Coal Combustion

Methodology:

Nationwide Emissions from Commercial/Institutional Heating for Bituminous and Lignite Coal
Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/ton coal) Reference (tons coal burned/year) (tons/year)
antimony 1.8E-05 Reference 3, 4 3.58E+06 3.22E-02
arsenic 4.1E-04 Reference 3, 4 3.58E+06 7.34E-01
beryllium 2.1E-05 Reference 3, 4 3.58E+06 3.76E-02
cadmium 5.1E-05 Reference 3, 4 3.58E+06 9.13E-02
chromium 2.6E-04 Reference 3, 4 3.58E+06 4.65E-01
cobalt 1.0E-04 Reference 3, 4 3.58E+06 1.79E-01
lead 4.2E-04 Reference 3, 4 3.58E+06 7.52E-01
manganese 4.9E-04 Reference 3, 4 3.58E+06 8.77E-01
mercury 8.3E-05 Reference 3, 4 3.58E+06 1.49E-01
nickel 2.8E-04 Reference 3, 4 3.58E+06 5.01E-01
selenium 1.3E-03 Reference 3, 4 3.58E+06 2.33E+00

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Energy Information Administration (EIA). State Energy Data Report. Office of Energy Markets and
End Use, U.S. Department of Energy, Washington, D.C. pp 39-344, 1992.

3. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

4. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Distillate Oil Combustion

Methodology:

The activity data used for calculating the HAPs on the following page were taken from the Section 112(c)(6) report
{EPA, 1997}.

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 {US EPA, 1996a} for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor residual oil fired boilers. POM as 16-PAH was
calculated by summing the emission factors for fifteen PAH (acenaphthene, acenaphthylene, anthracene,
benz(a)anthracene, benzo(b,k) fluoranthene, benzo(g,h,i)perylene, chrysene, dibenzo(a,h)anthracene, fluoranthene,
fluorene, indeno(1,2,3-cd)pyrene, ngphthalene, phenanthrene, and pyrene). The formaldehyde emission factor is
based only on datafrom utilities using No. 6 oil.

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 {US EPA, 1996a} for
arsenic, beryllium, cadmium, chromium, lead, manganese, mercury, nickel, and selenium. Dataare for residual oil
fired boilers. Eighteen out of 19 sources were uncontrolled and 1 sourcewas controlled with alow efficiency
electrostatic precipitator.

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.
The Section 112(k) report (EPA, 1996b) was used for estimating the number of facilities.
References

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional Heaing
information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources-- Interim Final
Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996a.

4. U.S. Environmental Protection Agency. Support for Development of Section 112(k) National Strategy

Options For Candidate Urban Area Source HAPs. Fina Report. Research Triangle Park, North Carolina.
October 1996b.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Distillate Oil Combustion

Methodology:

Nationwide Emissions from Commercial/lnstitutional Heating for Distillate Oil Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/MM Btu Oil) Reference (MM Btu oil burned/year) (tonsl/year)
acetaldehyde 3.5E-05 Reference 2 4.87E+08 8.52E+00
benzene 1.5E-06 Reference 2, 3 4.87E+08 3.65E-01
formaldehyde 2.4E-04 Reference 2, 3 4.87E+08 5.84E+01
POM as 16-PAH 8.4E-06 Reference 2, 3 4.87E+08 2.05E+00

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Emission Factor in Ib/thousand gal to Ib/MM Btu

Ib/thousand gal Ib/MM Btu MM Btu/thousand gal
Benzene 2.14E-04 1.5E-06 140
Formaldehyde 3.30E-02 2.4E-04 140
POM as 16 PAH 1.19E-03 8.5E-06 140
Acenaphthene 2.11E-05
Acenapthylene 2.53E-07
Anthracene 1.22E-06
Benz(a)anthracene 4.01E-06
Benzo(b,k)fluoranthene 1.48E-06
Benzo(g,h,i)perylene 2.26E-06
Chrysene 2.38E-06
Dibenzo(a,h)anthracene 1.67E-06
Fluoranthene 4.84E-06
Fluorene 4.47E-06
Indeno(1,2,3-c,d)pyrene 2.14E-06
Naphthalene 1.13E-03
Phenanthrene 1.05E-05
Pyrene 4.25E-06
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Distillate Oil Combustion

Methodology:

Nationwide Emissions from Commercial/lnstitutional Heating for Distillate Oil Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/MM Btu Oil) Reference (MM Btu oil burned/year) (tons/year)
arsenic 4.0E-06 Reference 2, 3 4.87E+08 9.74E-01
beryllium 3.0E-06 Reference 2, 3 4.87E+08 7.31E-01
cadmium 3.0E-06 Reference 2, 3 4.87E+08 7.31E-01
chromium 3.0E-06 Reference 2, 3 4.87E+08 7.31E-01
lead 9.0E-06 Reference 2, 3 4.87E+08 2.19E+00
manganese 6.0E-06 Reference 2, 3 4.87E+08 1.46E+00
mercury 3.0E-06 Reference 2, 3 4.87E+08 7.31E-01
nickel 3.0E-06 Reference 2, 3 4.87E+08 7.31E-01
selenium 1.5E-05 Reference 2, 3 4.87E+08 3.65E+00

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Emission Factor in Ib/trillion Btu to Ib/MM Btu

Ib/trillion Btu Ib/MM Btu MM Btuttrillion Btu
Arsenic 4.00E+00 4.0E-06 1.00E+06
Beryllium 3.00E+00 3.0E-06 1.00E+06
Cadmium 3.00E+00 3.0E-06 1.00E+06
Chromium 3.00E+00 3.0E-06 1.00E+06
Lead 9.00E+00 9.0E-06 1.00E+06
Manganese 6.00E+00 6.0E-06 1.00E+06
Mercury 3.00E+00 3.0E-06 1.00E+06
Nickel 3.00E+00 3.0E-06 1.00E+06
Selenium 1.50E+01 1.5E-05 1.00E+06
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Natural Gas Combustion

Methodology:

The activity level for commercial/institutional heating natural gas combustion comes from Section 112(c)(6) report
{EPA, 1997} based on information from the Energy Information Administration { EIA, 1992} .

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor all natural gas combustion sources. POM as 16-PAH
was calculated by summing the emission factors for the five PAH (fluoranthene, fluorene, naphthalene,
phenanthrene, and pyrene) which had emission factors reported above the method detection limit.

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.
References

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Energy Information Administration (EIA). State Energy Data Report. Office of Energy Markets and End
Use, U.S. Department of Energy, Washington, D.C. pp. 39-344, 1992.

3. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional Heeting
information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources-- Interim Final
Report," September 18, 1998. November 13, 1998.

4, U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume |; Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Natural Gas Combustion

Methodology:

Nationwide Emissions from Commercial/lnstitutional Heating for Natural Gas Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/MM Btu NG) Reference (MM Btu NG burned/year) (tons/year)
acetaldehyde 1.3E-08 Reference 2 2.68E+09 1.74E-02
benzene 2.1E-06 Reference 2, 3 2.68E+09 2.81E+00
formaldehyde 7.5E-05 Reference 2, 3 2.68E+09 1.00E+02
POM as 16-PAH 6.4E-07 Reference 2, 3 2.68E+09 8.57E-01

References:

1. U.S. Environmental Protection Agency. 1990 Emissions Inventory of Section 112(c)6 Pollutants:
Polycyclic Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachloro-
dibenzofuran (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. April 1998.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/lnstitutional
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Activity level in cubic feet to MM Btu

Activity level, cubic feet = 2.68E+12 scflyear
Btu/scf 1.00E+03
MMBtu/Btu 1.00E-06
Activity level, MM Btu = 2.68E+09 MM Btu/yr

Conversion of Emission Factor in Ib/million scf to Ib/MM Btu

Ib/million scf Ib/MM Btu MM Btu/million scf
Benzene 2.10E-03 2.1E-06 1000
Formaldehyde 7.50E-02 7.5E-05 1000
POM as 16 PAH 6.38E-04 6.4E-07 1000
Acenaphthene <0.0000018
Acenapthylene <0.0000018
Anthracene <0.0000024
Benz(a)anthracene <0.0000018
Benzo(a)pyrene <0.0000012

Benzo(b)fluoranthene <0.0000018
Benzo(g,h,i)perylene <0.0000012
Benzo(k)fluoranthene <0.0000018

Chrysene <0.0000018
Dibenzo(a,h)anthracene '<0.0000012
Fluoranthene 3.00E-06
Fluorene 2.80E-06
Indeno(1,2,3-c,d)pyrene |<0.0000018
Naphthalene 6.10E-04
Phenanthrene 1.70E-05
Pyrene 5.00E-06
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/Institutional Heating: POTW Digester Gas Combustion

Methodology:

Emissions from combustion boilers burning POTW digester gas were estimated using derived digester gas
production data and emission factors provided by the Emissions Standards Division.

Therewere no direct data availablefor digester gas production. The estimate of national digester gas production
was derived from a calculation for methane emissions from digester gas production contained in the following
reference source:

Mangino, J. and Sutton, L. Evaluation of Greenhouse Gas Emissions from Wastewater Treatment
Systems. Report prepared by Radian Corporation for Susan Thorneloe, Air and Energy Engineering
Research Laboratory, U.S. Environmental Protection Agency. Research Triangle Park, North Carolina.
April, 1992.

This reference provided aformula from which digester gas production could be estimated in terms of total volume
of gasproduced on anational level. In order to usethe avail able emission factors, this volume was converted to
energy unitsusing a heaing value for digester gas published in the following reference:

Salvato, Joseph A. Environmental Engineering and Sanitation. Third Edition. John Wiley and Sons.
New York. 1982

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
benzene, formaldehyde, and POM as 16-PAH. Dataare for all natural gas combustion sources. POM as 16-PAH
was cal culated by summing the emission factorsfor the five PAH (fluoranthene, fluorene, naphthalene,
phenanthrene, and pyrene) which had emission factors reported above the method detection limit.

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.

Emission Factor References.

Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope, U.S.
EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/l nstitutional Heating information
in the "Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-42,
Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/Institutional Heating: POTW Digester Gas Combustion

Methodology:

Nationwide Emissions from Commercial/lnstitutional Heating for POTW Digester Gas Combustion, 1988

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/MM Btu NG) Reference (MM Btu NG burned/year) (tonsl/year)
acetaldehyde 1.3E-08 Reference 3 4.32E+07 2.81E-04
benzene 2.1E-06 Reference 3, 4 4.32E+07 4.54E-02
formaldehyde 7.5E-05 Reference 3, 4 4.32E+07 1.62E+00
POM as 16-PAH 6.4E-07 Reference 3, 4 4.32E+07 1.38E-02

References:

1. U.S. Environmental Protection Agency. Evaluation of Greenhouse Gas Emissions from Wastew ater
Treatment Systems. Research Triangle Park, North Carolina. April 1992.

2. Salvato, Joseph A. Environmental Engineering and Sanitation. Third Edition. Johh Wiley and Sons.
New York. 1982.

3. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

4. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Activity level in m”~3/day of wastewater to MM Btu/year of POTW digester gas

Activity level, m"3/day 6.55E+07 w astew ater 3.65E+02 days/year
Activity level, m"3/year = 2.39E+10 w astew ater
scm gas/m”3 w astew ater = 8.00E-02 3.53E+01 scf/scm
Activity level, scmiyear = 1.91E+09| POTW gas
Activity level, scflyear = 6.75E+10 POTW gas
higher heating value = 6.40E+02 Btu/scf

1.00E-06 MM Btu/Btu
Activity level, MM Btu = 4.32E+07 MM Btulyr

Conversion of Emission Factor in Ib/million scf to Ib/MM Btu:

Ib/million scf Ib/MM Btu MM Btu/million scf

Benzene 2.10E-03 2.1E-06 1000
Formaldehyde 7.50E-02 7.5E-05 1000
POM as 16 PAH 0.00E+00 0.0E+00 1000
Acenaphthene <0.0000018 Chrysene <0.0000018
Acenapthylene <0.0000018 Dibenzo(a,h)anthracene <0.0000012

Anthracene <0.0000024 Fluoranthene 3.00E-06
Benz(a)anthracene | <0.0000018 Fluorene 2.80E-06

Benzo(a)pyrene <0.0000012 Indeno(1,2,3-c,d)pyrene | <0.0000018
Benzo(b)fluoranthene ' <0.0000018 Naphthalene 6.10E-04
Benzo(g,h,i)perylene ' <0.0000012 Phenanthrene 1.70E-05
Benzo(k)fluoranthene ' <0.0000018 Pyrene 5.00E-06
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/Institutional Heating: Residual Oil Combustion

Methodology:

The activity data used to estimate the HAP emissions on the following page were taken from the Section 112(c)(6)
report { EPA, 1997}.

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996a} for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor residual oil fired boilers. POM as 16-PAH was
calculated by summing the emission factorsfor fifteen PAH (acenaphthene, acenaphthylene, anthracene,
benz(a)anthracene, benzo(b,k) fluoranthene, benzo(g,h,i)perylene, chrysene, dibenzo(a,h)anthracene, fluoranthene,
fluorene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene). The formaldehyde emission factor is
based only on data from utilitiesusing No. 6 oil.

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996a} for
arsenic, beryllium, cadmium, chromium, lead, manganese, mercury, nickel, and selenium. Dataarefor residua oil
fired boilers. Eighteen out of 19 sources were uncontrolled and 1 source was controlled with alow efficiency
electrostatic precipitator.

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.
The estimate of number of facilities comes fromthe Section 112(k) report { EPA, 1996b} .
References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional Heating
information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final
Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996a.

4. U.S. Environmental Protection Agency. Support for Development of Section 112(k) National Strategy
Options For Candidate Urban Area Source HAPs. Final Report. Research Triangle Park, North Carolina.
October 1996b.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/Institutional Heating: Residual Oil Combustion

Methodology:

Nationwide Emissions from Commercial/lnstitutional Heating for Residual Oil Combustion, 1992

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/MM Btu Oil) Reference (MM Btu oil burned/year) (tonsl/year)
acetaldehyde 3.5E-05 Reference 2 3.75E+08 6.56E+00
benzene 1.5E-06 Reference 2, 3 3.75E+08 2.81E-01
formaldehyde 2.4E-04 Reference 2, 3 3.75E+08 4.50E+01
POM as 16-PAH 8.4E-06 Reference 2, 3 3.75E+08 1.58E+00

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Emission Factor in Ib/thousand gal to Ib/MM Btu

Ib/thousand gal ' Ib/MM Btu MM Btu/thousand gal
Benzene 2.14E-04 1.5E-06 140
Formaldehyde 3.30E-02 2.4E-04 140
POM as 16 PAH 1.19E-03 8.5E-06 140
Acenaphthene 2.11E-05
Acenapthylene 2.53E-07
Anthracene 1.22E-06
Benz(a)anthracene 4.01E-06
Benzo(b,k)fluoranthene 1.48E-06
Benzo(g,h,i)perylene 2.26E-06
Chrysene 2.38E-06
Dibenzo(a,h)anthracene 1.67E-06
Fluoranthene 4.84E-06
Fluorene 4.47E-06
Indeno(1,2,3-c,d)pyrene 2.14E-06
Naphthalene 1.13E-03
Phenanthrene 1.05E-05
Pyrene 4.25E-06
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/Institutional Heating: Residual Oil Combustion

Methodology:

Nationwide Emissions from Commercial/Institutional Heating for Residual Oil Combustion, 1992

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/MM Btu Oil) Reference (MM Btu oil burned/year) (tonsl/year)
arsenic 9.4E-06 Reference 2, 3 3.75E+08 1.76E+00
beryllium 2.0E-07 Reference 2, 3 3.75E+08 3.75E-02
cadmium 2.8E-06 Reference 2, 3 3.75E+08 5.25E-01
chromium 6.0E-06 Reference 2, 3 3.75E+08 1.13E+00
lead 1.1E-05 Reference 2, 3 3.75E+08 2.06E+00
manganese 2.1E05 Reference 2, 3 3.75E+08 3.94E+00
mercury 8.1E-07 Reference 2, 3 3.75E+08 1.52E-01
nickel 6.0E-04 Reference 2, 3 3.75E+08 1.13E+02
selenium 4.9E-06 Reference 2, 3 3.75E+08 9.19E-01

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional
Heating information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Emission Factor in Ib/thousand gal to Ib/MM Btu

Ib/thousand gal | Ib/MM Btu MM Btu/thousand gal
Arsenic 1.32E-03 9.4E-06 140
Beryllium 2.78E-05 2.0E-07 140
Cadmium 3.98E-04 2.8E-06 140
Chromium 8.45E-04 6.0E-06 140
Lead 1.51E-03 1.1E-05 140
Manganese 3.00E-03 2.1E-05 140
Mercury 1.13E-04 8.1E-07 140
Nickel 8.45E-02 6.0E-04 140
Selenium 6.83E-04 4.9E-06 140
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Wood/Wood Residue Combustion

Methodology:

The activity data used for the HAP estimates on the following page were taken from the Section 112(c)(6) report
{EPA, 1997}. The Polycyclic Organic Matter as EOM estimate was taken from this report, as well.

Emission factors for formaldehyde, hydrogen chloride, arsenic, cadmium, chromium, lead, mercury, and manganese
including all metal compounds were supplied by the Emissons Standards Division { Porter, 1998} based on
information in the AP-42 database { EPA, 1996a}. The conversion factor of 9.0 MM Btu/ton fuel burned isalso
taken directly from the AP-42 database (1996). All emission factors were taken from uncontrolled combustors.

The Emission Standards Division { Porter, 1998} also supplied emission factors for POM as 16 PAH, dioxin/furan
in toxic equivalency units, and nickel.

The Section 112(k) report { EPA, 1996b} was used for estimate of number of facilities.
Refer ences.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope, U.S.
EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/lnstitutional Heating information in
the "Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report," September 18,
1998. November 13, 1998.

U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition and
Supplements, AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina.
1996a.

U.S. Environmental Protection Agency. Support for Development of Section 112(k) National Strategy Options For
Candidate Urban Area Source HAPs. Final Report. Research Triangle Park, North Carolina. October 1996b.
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APPENDIX A: NATIONAL ESTIMATES -Institutional/Commercial Heating

Subcategory - Commercial/lnstitutional Heating: Wood/Wood Residue Combustion

Methodology:

Activity: 2.72E+07 MM Btu from commercial sector in 1990 (from 112(c)(6) report)
divided by 9.00E+00' MM Btu/ton (from AP-42)
3.02E+06 ton from commercial sector in 1990

Estimate Estimate
Pollutant Name Factor (Ib/ton) | (tonsl/yr) (Ib./yr)
Arsenic & Compounds (inorganic including Arsine) 8.50E-05  1.28E-01 2.57E+02
Cadmium and Compounds 2.10E-05  3.17E-02 6.35E+01
Chromium and Compounds 1.60E-04 2.42E-01 4.84E+02
Dioxins/Furans (as TEQ units) 2.50E-09  3.78E-06 7.56E-03
Formaldehyde 8.20E-03, 1.24E+01 2.48E+04
Hydrogen Chloride 7.80E-03, 1.18E+01 2.36E+04
Lead and Compounds 4.50E-04| 6.80E-01 1.36E+03
Manganese and Compounds 1.30E-02 1.96E+01 3.93E+04
Mercury and Compounds 5.20E-06,  7.86E-03 1.57E+01
Nickel and Compounds 2.10E-05  3.17E-02 6.35E+01
POM as 16 PAH 3.50E-03  5.29E+00 1.06E+04
Sample calculation:
|0.000085 Ib. Arsenic |3.02 e+6 tons of wood/w ood| 1 ton Arsenic |
[ton of wood/w ood w aste burned w ith 50 % moisture | [2000 Ib. Arsenic |
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APPENDIX A: NATIONAL ESTIMATES -Instrument Manufacturing

Methodology:
Mercury estimates were reported in the 112(c)(6) report.

REFERENCES

(112(c)(6) Report)

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Lamp Breakage

Methodology:
Mercury estimates were reported in the 112(c)(6) report.

REFERENCES

(112(c)(6) Report)

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Lead Oxide in Pigments

Methodology:

Approach: 1990 estimates of emissions from manufacturing of lead oxidesin pigments are fromthe document
“National Air Pollutant Emission Trends 1990 - 1994", October 1995.

Estimate: 136 short tons lead compounds emitted in 1990 from inorganic chemical manufacture of lead oxidein
pigments.

References:

U. S. Environmental Protection Agency. National Air Pollution Emission Trends 1990 - 1994, EPA-454/R-95-011.
Research Triangle Park, North Carolina. October 1995.
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APPENDIX A: NATIONAL ESTIMATES -Lime Manufacturing

Methodology:
The Mercury estimate for Lime Manufacturing is from the 112(c)(6) Report.t

Theremaining HAP estimates for Lime Manufacturing were taken from the TRI database based on the following
SIC Code: 3724 (Lime).2

Reference

1.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetratchlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.
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APPENDIX A: NATIONAL ESTIMATES -Marine Vessel Loading Operations

Methodology:
MarineVessd L oading Operations

The following HAP estimates were taken from a summary table provided by David Markwordt in support of
40 CFR Part 63 Subpart Y:

Benzene
Toluene
Hexane
Xylene
M ethanol

Reference

Summeary information from David Markwordt to Barbara Driscoll, Table 1. Marine Vessel Loading Operations,
1990 HAP emissions, CFR Part 63 Subpart Y, June 5, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Medical Waste Incinerators

Methodology:

Medical Waste Incineration can be broken into three types of incineration: Controlled Air, Excess Air, and Rotary
Kiln. Approximately 95 % are controlled air, 2 % areexcess air, and 1% are rotary kiln. Approximately 2 % of all
incinerators are equipped with air pollution control devices. Control devicesinclude Low Energy Scrubber,
Medium Energy Scrubber, High Energy Scrubber, FF (Fabric Filter), DSI (Dry Sorbent Injector), Carbon Injection,
ESP (Electrostatic Precipitator), SD (Spray Dryer), or acombination of these. {US EPA, 1996}

The 112(c)(6) report estimates 16-PAH emissions to be 0.80 tong/yr. { U.S. EPA, 1997}

National emissions of Arsenic, Cadmium, Chromium, Formaldehyde, Hydrochloric Acid, Lead, Manganese,
Mercury, and Nickel for Medical Waste Incineration will be estimated using the uncontrolled emission factors
(which accounts for 98% of the medica waste incinerators).

There areno emission factors available for excess air incinerators. Controlled Air and Rotary Kiln account for
96% of the Medical Waste Incinerators. The adjusted weight percentages are as follows:

Controlled air:  ((100 %)/(100 % - (100 % - 96 %)) x (95 %)) = 98.958 %
Rotary kiln: ((100 %)/(100 % - (100 % - 96 %)) X (1 %)) = 1.042 %

The activity level of 1.73 million tons of waste incinerated per year and number of facilities (3,400) for Medical
Waste Incineration comes from Rick Copland { Copland, 1997} .

The emission factors for Arsenic, Chromium, Formaldehyde, Hydrochloric Acid, Manganese, and Nickel come
from AP-42 {USEPA, 1996}. The emission factorsfor Cadmium, Formaldehyde, Hydrochloric Acid, and Lead
come fromthe Emissions Standards Division { Porter, 1998} based on numbersin AP-42 {US EPA, 1996}. The
emission factor of 0.00000076 pounds per ton for Dioxin/Furans as toxic equivaency units comes from the
Emissions Standards Division { Porter, 1999} . The emission factor for Mercury aso comes from the Emissions
Standards Division (Porter, 1999).

References

U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition and
Supplements, AP-42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic Organic Mter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

Telephone conversation between Rick Copland, U.S. EPA and Jack Johnson, Eastern Research Group, Inc.
Medical wasteincinerator data. January 7, 1997.

Porter, Fred L., U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope, U.S.
EPA/Emissions, Monitoring and AnalysisDivision. Comments on medica waste incineration information in the
"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September 18,
1998. November 13, 1998.

Porter, Fred L., U.S. Environmental Protection Agency, Emission Standards Division. Note to B. Driscoll, U.S.
EPA. Comments on medical wasteincinertion emission factorsfor dioxin/furans and mercury. January 27, 1999.
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APPENDIX A: NATIONAL ESTIMATES - Medical Waste Incinerators

Methodology:

Calculating National Estimates for Cadmium, Lead, and Mercury Compounds, Dioxin/Furans (as TEQs),
Formaldehyde, and Hydrogen Chloride

Activity Level = 1.73E+06 tons of waste incinerated

All w aste will be assumed to be incinerated using uncontrolled controlled air incineration.

Nationwide Emissions from Medical Waste Incineration, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/ton) Reference | (tons waste burned/year) (tons/year)
Cadmium 5.5E-03 Reference 2, 3 1.73E+06 4.76E+00
Dioxin/Furans (as TEQs) 7.6E-07 Reference 4 1.73E+06 6.57E-04
Formaldehyde 1.6E-03 Reference 2, 3 1.73E+06 1.38E+00
Hydrogen Chloride 3.4E+01 Reference 2, 3 1.73E+06 2.94E+04
Lead 7.3E-02 Reference 2, 3 1.73E+06 6.31E+01
Mercury 5.8E-02 Reference 4 1.73E+06 5.02E+01

Example Calculation:
National Emissions (tons/year) = Emission Factor (Ib/ton) x National Activity Level (tons/year)/2000 Ib/ton

National Cadmium Emissions (tons/year) =0.0055 Ib/ton x 1,730,000 tons/yr/2000 Ib/ton = 4.76 tons/year
References:

1. Telephone conversation betw een Rick Copland, U.S. EPA and Jack Johnson, Eastern Research Group, Inc.
Medical w aste incinerator data. January 7, 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Medical Waste
Incineration information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

4. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
B. Driscoll, U.S. EPA. Comments on medical w aste incineration emission factors for dioxins and mercury.
January 27, 1999.
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APPENDIX A: NATIONAL ESTIMATES - Medical Waste Incinerators

Methodology:

Calculating National Estimates for Arsenic
Activity Level = 1.73E+06| tons of waste incinerated
The following is a breakdown of controlled vs uncontrolled

Uncontrolled emissions = 98 %

Controlled emissions = 2%

Only uncontrolled emissions w ill be estimated, and the emissions w ill be adjusted to 100%

The adjusted w eighting schemes

type adjusted %
Controlled Air 98.958
Rotary Kiln 1.042
Emission Factors EF (Ib/ton) Weigted emission factor (%)
Controlled Air Uncontrolled = 2.42E-04 98.958
Rotary Kiln Uncontrolled = 3.32E-04 1.042
Average Uncontrolled = 100
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Emissions (Ibs)
414.29756
5.9848312

420.28239  Iblyr
0.2101412 tonl/yr



APPENDIX A: NATIONAL ESTIMATES - Medical Waste Incinerators

Methodology:

Calculating National Estimates for Chromium Compounds
Activity Level = 1.73E+06| tons of waste incinerated
The following is a breakdown of controlled vs uncontrolled

Uncontrolled emissions = 98 %

Controlled emissions = 2%

Only uncontrolled emissions w ill be estimated, and the emissions w ill be adjusted to 100%

The adjusted w eighting schemes

type adjusted %
Controlled Air 98.958
Rotary Kiln 1.042
Emission Factors EF (Ib/ton) Weigted emission factor (%)
Controlled Air Uncontrolled = 7.75E-04 98.958
Rotary Kiln Uncontrolled = 4.43E-03 1.042
Average Uncontrolled = 100
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Emissions (Ibs)
1326.7794
79.857838

1406.6372  Ib/yr
0.7033186 ton/yr



APPENDIX A: NATIONAL ESTIMATES - Medical Waste Incinerators

Methodology:

Calculating National Estimates for Manganese
Activity Level = 1.73E+06| tons of waste incinerated
The following is a breakdown of controlled vs uncontrolled

Uncontrolled emissions = 98 %

Controlled emissions = 2%

Only uncontrolled emissions w ill be estimated, and the emissions w ill be adjusted to 100%

The adjusted w eighting schemes

type adjusted %
Controlled Air 100
Emission Factors EF (Ib/ton) Weigted emission factor (%)
Controlled Air Uncontrolled = 5.67E-04 100
Average Uncontrolled = 100
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Emissions (Ibs)
980.91

980.91  Iblyr
0.490455 tonlyr



APPENDIX A: NATIONAL ESTIMATES - Medical Waste Incinerators

Methodology:

Calculating National Estimates for Nickel Compounds
Activity Level = 1.73E+06| tons of waste incinerated
The following is a breakdown of controlled vs uncontrolled

Uncontrolled emissions = 98 %

Controlled emissions = 2%

Only uncontrolled emissions w ill be estimated, and the emissions w ill be adjusted to 100%

The adjusted w eighting schemes

type adjusted %
Controlled Air 98.958
Rotary Kiln 1.042
Emission Factors EF (Ib/ton) Weigted emission factor (%)
Controlled Air Uncontrolled = 5.90E-04 98.958
Rotary Kiln Uncontrolled = 3.53E-03 1.042
Average Uncontrolled = 100
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Emissions (Ibs)
1010.0643
63.633898

1073.6982| Ib/yr
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APPENDIX A: NATIONAL ESTIMATES - Mineral Wool Production

Methodology:
Summary of Emission Estimation Method for Mineral Wool Production

The 1990 emission estimates for mineral wool production were provided by Mary Johnson, U.S. Environmental
Protection Agency (reference 1). Carbonyl sulfide emissions from cupolas are not regulated by the NESHAP. Also,
emissions fromfiber collection, curing, and cooling processes are not regulated by the NESHAP.

Reference:

1. Johnson, Mary, U.S. Environmental Protection Agency. “Inventory Info.” Email to Darcy Wilson, Eastern
Research Group. July 17, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Mineral Wool Production

Methodology:

1990 Baseline Emission Estimates for Mineral Wool Production

Process Emissions

Total Annual | Total Annual Total Annual Total Annual | Total Annual

Cupola Fiber Collection Curing Cooling HAP

Emissions Emissions (ton/yr) |Emissions Emissions Emissions
Pollutant (ton/yr) (ton/yr) (ton/yr) (ton/yr)
Antimony 0.16 0.16
Arsenic 0.01 0.01
Beryllium 0.001 0.001
Cadmium 0.02 0.02
Chromium 0.07 0.07
Manganese 0.77 0.77
Nickel 0.05 0.05
Lead 0.01 0.01
Selenium 0.03 0.03
Carbonyl Sulfide 2778 2778
Formaldehyde 94.8 58.8 4.8 158.4
Phenol 236.4 15.8 252.2
Methanol 63 63
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APPENDIX A: NATIONAL ESTIMATES -Mobile Sources: Nonroad Vehicles and Equipment - Aircraft

Methodology:
Aircraft- 1,3-Butadiene, Benzene, and For maldehyde (1990)

Commercial Aircraft

For Commercia Aircraft, LTO datafrom teble 7 of Airport Activity Statistics of Certified Route Air Carriers
(U.S. DOT, 1990) were applied to Aircraft Engine Emission Database Version 2.1 (U.S. DOT, 1998) to estimate
total hydrocarbon (HC) emissions (see spreadsheet below).

Notethat the Aircraft Engine Emission Database Version 2.1 (U.S. DOT, 1998) did not have al aircraft modelsand
in some cases models wereincluded in the database but no engine information was associated with a given model.
Suchthat for the 87 aircraft models that were used in the commercia aircraft fleet in 1990, emission estimates could
be calculated specifically for only 40 aircraft models. Relativeto landing and take-off (LTO) cycles, emissions for
76.29 percent of LTOs could be matched to datain the Aircraft Emission Database Verson 2.1 (U.S. DOT, 1998).
To compensae for the missing engine data, the HC estimate provided in the spreadsheet below was adjusted by
using aratio of total national 1990 LTOs noted in Airport Activity Satistics of Certified Route Air Carriers

(U.S. DOT, 1990) and the actual total used in Aircraft Engine Emission Database Version 2.1 (U.S. DOT, 1998).

26,291 tons of HC X (6,572,179 Total 1990 L TOs/5,014,135 L TOs used in FAA database) = 34,460 tons
of HC

A correction factor from Procedures for Emission Inventory Preparation Volume IV: Mobile Sources
(U.S. EPA, 1992), was applied to the commercial aircraft HC emission estimate to obtain a VOC egtimate.

34,460 tons of HC X 1.0947 VOC/HC = 37,723 tons of VOC

To estimate 1,3-butadiene, benzene, and formal dehyde emissions for commercial aircraft it is necessary to convert
VOCto TOG. Converson factorswere included in the Rich Cook memorandum (Cook, 1997).

37,723 tons of VOC X 1.1167 TOG/VOC = 42,125 tons of TOG

1,3-butadiene, benzene and formal dehyde fractions of TOG for commercial aircraft were provided in the same
memorandum (Cook, 1997) and were applied to the above TOG value.

42,125 tons of TOG X 0.0180 1,3-butadiene fraction = 758.25 tons of 1,3-butadiene

42,125 tons of TOG X 0.0194 benzene fraction = 817.23 tons of benzene

42,125 tons of TOG X 0.1501 formaldehyde fraction= 6,322.96 tons of for maldehyde
Air Taxis
For air taxis, 1990 activity datawere taken from Air Traffic Activity - Fiscal Year 1993 (U.S. DOT, 1993). Inthis
reference, each FAA activity (i.e. alanding or take-off) is counted. This meansthat for every LTO there are two
FAA activities. These 1990 datawere converted to LTOs by dividing the FAA activity data by two.

8,837,671 FAA activity / 2=4,418,836 LTOs

These LTO datawere applied to generic air taxi HC emission factors found in Procedures for Emission Inventory
Preparation Volume 1V: Mobile Sources (U.S. EPA, 1992) to estimate HC emissions.

4,418,836 LTOs X 1.234 pounds HC/LTO X 1ton/2,000 pounds = 2,726.42 tons of HC

A correction factor from Procedures for Emission |nventory Preparation Volume 1V: Mobile Sources (U.S. EPA,
1992) was gpplied to the air taxi HC emission estimate to obtain a VOC estimate.

2,726.42 tons of HC X 0.9914 VOC/HC = 2,702.97 tons of VOC
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APPENDIX A: NATIONAL ESTIMATES -Mobile Sources: Nonroad Vehicles and Equipment - Aircraft

Methodology:

To estimate 1,3-butadiene, benzene, and formaldehyde for commercia aircraft it isnecessary to convert VOC to
TOG. Conversion factors were included in the Rich Cook memorandum (Cook, 1997).

2,702.97 tons of VOC X 1.0902 TOG/VOC = 2,946.78 tons of TOG

1,3-butadiene, benzene, and formaldehyde emissions factors for commercial aircraft were provided in the same
memorandum (Cook, 1997) and were applied to the above TOG value.

2,946.78 tons of TOG X 0.0114 1,3-butadiene fraction = 33.59 tons of 1,3-butadiene
2,946.78 tons of TOG X 0.0344 benzene fraction = 101.37 tons of benzene
2,946.78 tons of TOG X 0.0578 formaldehyde fraction = 170.32 tons of for maldehyde

Note, there were no TOG conversion factor or 1,3-butadiene, benzene, and formaldehyde TOG fractions for the
wholeair taxi fledt, instead separate values were provided for air taxis powered by piston and turbine engines.
These values were weighted based on the assumption that 73 percent of theair taxi fleet is powered by piston
engines and the remaining 27 percent of the fleet is powered by turbine engines as noted in memorandumfrom Rich
Cook (Cook, 1997).

General Aviation
For General Aviation, 1990 activity datawere taken from Air Traffic Activity - Fiscal Year 1993 (U.S. EPA, 1992).
These datawere converted to LTOs by dividing the FAA activity data by two.

39,169,795 FAA activity / 2=19,584,898 LTOs

The LTOs datawere applied to a generic general aviation HC emission factors found in Procedures for Emission
Inventory Preparation Volume 1V: Mohile Sources, (U.S. EPA, 1992) to estimate HC emissions.

19,584,898 LTOs X 0.394 pounds HC/LTO X 1 ton/2,000 pounds = 3,858.22 tons of HC

A correction factor from Procedures for Emission Inventory Preparation Volume IV: Mobile Sources
(U.S. EPA, 1992) was applied to the air taxi HC emission estimate to obtain aVOC estimate.

3,858.22 tons of HC X 0.9708 VOC/HC = 3,745.56 tons of VOC

To estimate benzene, formaldehyde, and 1,3-butadiene emissions for commercial aircraft it is necessary to convert
VOCto TOG. Conversion factors wereincluded in the memorandum from Rich Cook (Cook, 1997).

3,745.56 tons of 1.0775 VOC X TOG/VOC = 4,035.84 tons of TOG

1,3-butadiene, benzene, and formaldehyde emissions factorsfor general aviation were provided in the same
memorandum (Cook, 1997) and were applied to the above TOG value.

4,035.84 tons of TOG X 0.0102 1,3-butadiene fraction = 41.17 tons of 1,3-butadiene
4,035.84 tons of TOG X 0.0391 benzene fraction = 157.80 tons of benzene
4,035.84 tons of TOG X 0.0338 formaldehyde fraction = 136.41 tons of formaldehyde

Notethere were no TOG conversion factor or 1,3-butadiene, benzene, and formaldehyde TOG fractions for general
aviation, instead values were provided for air taxis powered by piston and turbine engines. Theseair taxi values
were weighted based on the assumption that 94 percent of general aviation activitiesis powered by piston engines
and the remaining 6 percent of the fleet is powered by turbine engines as notedin Rich Cook’s memorandum
(Cook, 1997).
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APPENDIX A: NATIONAL ESTIMATES -Mobile Sources: Nonroad Vehicles and Equipment - Aircraft

Methodology:

Military Aircraft
Estimates for military aircraft were not possible due to the lack of information concerning the make up of the
military aircraft fleet or alternatively a generic HC emission factor.

Total Aircraft Emissions (tons/year)

Commercial General
Pollutant Aircraft Air Taxis Aviation Total
1,3-Butadiene 758.25 33.59 41.17 833.01
Benzene 817.23 101.37 157.80 1,076.40
Formaldehyde 6,322.96 170.32 136.41 6,629.69

References
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MI.

U.S. Department of Transportation. 1990. Airport Activity Statistics of Certified Air Carriers, 12 Months Ending
December 31, 1990. Federal Aviation Administration, Research and Special Programs Adminstration. Washington,
DC.
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APPENDIX A: NATIONAL ESTIMATES -Mobile Sources: Nonroad Vehicles and Equipment - Aircraft

Methodology:
Aircraft- Acetaldehyde, Acrolein, POM as 16-PAH, POM as 7-PAH, and Styrene (1990)

Commercial Aircraft

For Commercia Aircraft, LTO datafrom teble 7 of Airport Activity Statistics of Certified Route Air Carriers

(U.S. DOT, 1990) were applied to the Aircraft Engine Emission Database Version 2.1 (U.S. DOT, 1998) to estimate
total hydrocarbon (HC) emissions (see spreadsheet below).

Notethat the Aircraft Engine Emission Database Version 2.1 (U.S. DOT, 1998) did not have all aircraft modelsand
in some cases models wereincluded in the database but no engine information was associated with a given model.
Such that for the 87 aircraft models that were used in the commercia aircraft fleet in 1990, emission estimates could
be calculated specifically for only 40 aircraft models. Relativeto landing and take-off (LTO) cycles, emissions for
76.29 percent of LTOs could be matched to datain the Aircraft Emission Database Verson 2.1 (U.S. DOT, 1998).
To compensate for the missing engine data, the HC estimate provided in the spreadsheet below was adjusted by
using aratio of total national 1990 LTOs noted in Airport Activity Statistics of Certified Route Air Carriers (U.S.
DOT, 1990) and the actual total used in the Aircraft Engine Emission Database Version 2.1 (U.S. DOT, 1998).

26,291 tons of HC X (6,572,179 Total 1990 LTOs/5,014,135 LTOs used in FAA database) = 34,460 tons
of HC

A correction factor from Procedures for Emission Inventory Preparation Volume IV: Mobile Sources
(U.S. EPA, 1992) was applied to the commercial aircraft HC emission estimate to obtain aVOC estimate:

34,460 tons of HC X 1.0947 VOC/HC = 37,723 tons of VOC

The VOC egtimate was speciated for acetaldehyde, acrolein, POM as 16-PAH, POM as 7-PAH, and styrene using
speciation profilesin aRich Cook memorandum (Cook, 1997).

37,723 tons of VOC X 0.0519 acetal dehyde/V OC= 1,957.82 tons acetaldehyde
37,723 tons of VOC X 0.0253 acrolein/VOC= 954.39tons acrolein

37,723 tonsof VOC X 1.166 x 10 16-PAH/VOC= 4.40 tons POM as 16-PAH
37,723 tonsof VOC X 1.049 x 10 7-PAH/VOC= 0.04 tons POM as 7-PAH
37,723 tons of VOC X 0.0044 styrene/VOC= 165.98 tons styrene

Air Taxis

For air taxis, 1990 activity datawere taken from the Air Traffic Activity - Fiscal Year 1993 (U.S. DOT, 1993). In

thisreference, each FAA activity (i.e. alanding or take-off) is counted. This meansthat for every LTO there are

two FAA activities. These 1990 data were converted to LTOs by dividing the FAA activity data by two.
8,837,671 FAA activity / 2=4,418,836 LTOs

These LTO datawere applied to generic air taxi HC emission factors found in Procedures for Emission Inventory
Preparation Volume IV: Mobile Sources (U.S. EPA, 1992) to estimate HC emissions:

4,418,836 LTOs X 1.234 pounds HC/LTO X 1ton/2,000 pounds = 2,726.42 tons of HC

A correction factor from Procedures for Emission Inventory Preparation Volume IV: Mobile Sources
(U.S. EPA, 1992) was applied to the air taxi HC emission estimate to obtain a VOC egimate:

2,726.42 tons of HC X 0.9914 VOC/HC = 2,702.97 tons of VOC
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Methodology:

The VOC egtimate was speciated for acetaldehyde, acrolein, POM as 16-PAH, POM as 7-PAH, and styrene using
speciation profiles a Rich Cook memorandum (Cook, 1997).

2,702.97 tons of VOC X 0.0189 acetaldehyde/V OC= 51.09 tons acetaldehyde
2,702.97 tons of VOC X 0.0016 acrolein/\VVOC=4.32 tons acrolein

2,702.97 tons of VOC X 6.829 x 10°° 16-PAH/VOC= 0.18 tons POM as 16-PAH
2,702.97 tons of VOC X 7.234 x 10°® 7-PAH/VOC= 0.02 tons POM as 7-PAH
2,702.97 tons of VOC X 0.0037 styrene/\VOC= 10.00 tons styrene

General Aviation
For General Aviation, 1990 activity data were taken from the Air Traffic Activity - Fiscal Year 1993
(U.S. DOT, 1993). Thisdaawere converted to LTOs by dividing the FAA activity data by two.

39,169,795 FAA activity / 2= 19,584,898 LTOs

The LTOs datawere applied to a generic general aviation HC emission factors found in Procedures for Emission
Inventory Preparation Volume 1V: Mobile Sources (U.S. EPA, 1992) to estimate HC emissions.

19,584,898 LTOs X 0.394 pounds HC/LTO X 1 ton/2,000 pounds = 3,858.22 tons of HC

A correction factor from Procedures for Emission Inventory Preparation Volume IV: Mobile Sources
(U.S. EPA, 1992) were goplied to the air taxi HC emission estimate to obtain a VOC estimate.

3,858.22 tons of HC X 0.9708 VOC/HC = 3,745.56 tons of VOC

The VOC egtimate was speciated for acetaldehyde, acrolein, POM as 16-PAH, POM as 7-PAH, and styrene using
speciation profiles a Rich Cook memorandum (Cook, 1997).

3,745.56 tons of VOC X 0.0092 acetaldehyde/VOC= 34.46 tons acetaldehyde
3,745.56 tons of VOC X 0.0020 acrolein/VOC= 7.49 tons acrolein

3,745.56 tons of VOC X 2.954 X 10° 16-PAH/VOC=0.11 tons POM as 16-PAH
3,745.56 tons of VOC X 9.062 X 10% 7-PAH/VOC= 0.03 tons POM as7-PAH
3,745.56 tons of VOC X 0.0037 styrene/\VOC= 13.86 tons styrene

Military Aircraft
Estimates for military aircraft were not possible due to the lack of information concerning the make up of the
military aircraft fleet or alternatively a generic HC emission factor.

Total Aircraft Emissions (tons/year)

Commercial General
Pollutant Aircraft Air Taxis Aviation Total
Acetaldehyde 1,957.82 51.09 34.46 2,043.37
Acrolein 954.39 432 7.49 966.20
16- PAH 4.40 0.18 011 4.69
7-PAH 0.04 0.02 0.03 0.09
Styrene 165.98 10.00 13.86 189.84
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Methodology:

Time In mode (Minutes)

Engine HC
Manu- Take{ Climb- Emissions

Aircraft Model Aircraft Manufacturer  |Engine Model facturer |Idle| off | out |Approach| LTOs (Ibs)
A300-600 AIRBUS CF6-80C2A5 (RE |GE 26 |10.70| 2.20 4.00 6,136 80,234
A310-200 AIRBUS PW4X52 PHASE 3 |P&W 26 |10.70| 2.20 4.00 2,464 20,797
A310-300 AIRBUS CF6-80A3 GE 26 10.70| 2.20 4.00 10,348 75,704
A320-200 AIRBUS CFM56-5-Al CFMI 26 10.70| 2.20 4.00 11,628 14,615
BAE 146-100 BAE ALF 502R-5 TEXLYC| 26 [0.70| 2.20 4.00 14,185 43,958
BAE 146-200 BAE ALF 502R-5 TEXLYC| 26 [0.70| 2.20 4.00 72,534 224,779
BAE 146-300 BAE ALF 502R-5 TEXLYC| 26 [{0.70| 2.20 4.00 31,271 96,907
B727-100 BOEING JT8D-7,7A & 7B [P&W 26 |10.70| 2.20 4.00 166,653 914,757
B727-100(CARG) |BOEING JT8D-7B P&W 26 10.70| 2.20 4.00 58,441 894,719
B727-200 BOEING JT8D-15 (RE.C P&W 26 10.70| 2.20 4.00 1,192,386 3,378,108
B727-200(CARG) |BOEING JT8D-17A P&W 26 10.70| 2.20 4.00 22,912 233,749
B737-100 BOEING JT8D-17 P&W 26 10.70| 2.20 4.00 797,737| 9,305,701
B737-200 (CARG)|BOEING JT8D-17 P&W 26 10.70| 2.20 4.00 96,530 1,126,034
B737-300 BOEING CFM56-3-B1 CFMI 26 |10.70| 2.20 4.00 771,652 1,421,712
B737-400 BOEING CFM56-3C-1 CFMI 26 10.70| 2.20 4.00 78,429 99,185
B737-500 BOEING CFM56-3-B1 CFMI 26 10.70| 2.20 4.00 18,544 34,166
B747 BOEING PW4X62 PHASE 3 |P&W 26 10.70| 2.20 4.00 31,762 333,796
B747-200 BOEING JT9D-59A P&W 26 10.70| 2.20 4.00 13,037 524,120
B747-400 BOEING CF6-80C2B1 (DE |GE 26 10.70| 2.20 4.00 2,436 63,445
B747F (CARG) |BOEING JTID-7F (MOD V  [P&W 26 |0.70| 2.20 4.00 3,962 316,356
B747-SP BOEING RB211-524B 26 10.70| 2.20 4.00 2,192 434,021
B757-200 BOEING PW2037 P&W 26 10.70| 2.20 4.00 232,041 542,738
B757-200(CARG) |BOEING RB211-535E4 RR 26 10.70| 2.20 4.00 571 773
B767-200 BOEING JT9D-7R4E1 P&W 26 10.70| 2.20 4.00 75,920 149,588
B767-300 BOEING PW4060 P&W 26 10.70| 2.20 4.00 33,342 87,410
F100 FOKKER TAY MK 650-15 |RR 26 |10.70| 2.20 4.00 34,259 108,258
L-1011-500 LOCKHEED RB211-524B SER 26 10.70| 2.20 4.00 3,712 22,919
L-1011-100 LOCKHEED RB211-22B (REV |RR 26 10.70| 2.20 4.00 68,622| 11,188,682
DC10-10 MCDONNELL DOUGLAS |CF6-50C GE 26 10.70| 2.20 4.00 111,007 5,871,793
DC10-30 MCDONNELL DOUGLAS |CF6-50C GE 26 10.70| 2.20 4.00 22,074| 1,167,620
DC10-40 MCDONNELL DOUGLAS |JT9D-20 P&W 26 |10.70| 2.20 4.00 18,938| 1,516,582
DC8-61 MCDONNELL DOUGLAS |JT3D-3B P&W 26 |10.70| 2.20 4.00 461 99,041
DC8-62 MCDONNELL DOUGLAS |JT3D-3B P&W 26 10.70| 2.20 4.00 798 171,442
DC8-62 (CARG) |MCDONNELL DOUGLAS |JT3D-7 P&W 26 10.70| 2.20 4.00 1,223 267,040
DC8-63F (CARG) |MCDONNELL DOUGLAS |JT3D-7 P&W 26 10.70| 2.20 4.00 1,343 293,242
DC9-10 MCDONNELL DOUGLAS |JT8D-7 (OLD CO |P&W 26 10.70| 2.20 4.00 107,937 1,101,662
DC9-15F MCDONNELL DOUGLAS |JT8D-7B P&W 26 |10.70| 2.20 4.00 22,278 227,381
DC9-30 MCDONNELL DOUGLAS |JT8D-17 P&W 26 10.70| 2.20 4.00 722,285| 8,425,544
DC9-40 MCDONNELL DOUGLAS |JT8D-15 (RE.C P&W 26 10.70| 2.20 4.00 7,256 13,704
DC9-50 MCDONNELL DOUGLAS |JT8D-17 P&W 26 10.70| 2.20 4.00 144,829( 1,689,448
Total 5,014,135] 52,581,730
Conversion to Tons 26,291
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Methodology:
Aircraft- Lead (1990)

The estimate for lead was taken from the National Air Pollutant Emission Trends, 1900-1996 document (U.S. EPA,
1997).

Reference
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Vessels

Methodology:

MarineVessds- 1990 Emissions: Acetaldehyde, Acrolein, Arsenic, Benzene, Beryllium, Cadmium,
Chromium, Ethylbenzene, Formaldehyde, Lead, Manganese, M ercury, n-Hexane, Nickel, POM as 16-PAH,
Propional dehyde, Selenium, Styrene, Toluene, Xylene

1990 toxic emissions from marine vessels were calculated for distillate fuel oil and residual fuel oil using the Fuel
Sales methodology described in Procedures for Emission Inventory Preparation, Volume 1V: Mobile Sources
(U.S. EPA, 1989).

First, thetotal 1990 national distillate fuel oil and residual fuel oil sdes (in thousand gallons) were obtained from
the Fud Oil and Kerosene Sales, 1990 report (U.S. DOE, 1991).

1990 National Fuel Oil Sales:
Didtillate Fuel Qil 2,064,842 thousand gallons
Residua Fud Qil 6,326,322 thousand gallons

Next, the gdlons of fuel oil used in port were calculated. These calculations were based on the assumption that 75
percent of the distillate oil and 25 percent of the residual oil are used in port, which isalso found in Procedures for
Emission Inventory Preparation, Volume IV: Mobile Sources (U.S. EPA, 1989).

Digtillate Fuel Oil
Residua Fuel Qil

2,064,842 thousand gallons X 0.75 = 1,548,632 thousand gallons
6,326,322 thousand gallons X 0.25 = 1,581,581 thousand gallons

Part 1: Distillate Fuel Oil

An emission factor was then applied to the gallons of distillate fuel oil used in port to calculate the volatile organic
compounds (VOC) emissions. The emission factor was an average of the VOC emission factors for three motor
vessel sizesfound in Procedures for Emission Inventory Preparation, Volume IV: Mobile Sources (U.S. EPA,
1989); the average emission factor was 37.47 |b VOC/10® gallons.

1,548,632 thousand gallons X 37.47 Ib VOC /10° gallons X 1 ton/2,000 |b = 29,014 tons VOC
Since emissions from marine vessels using distillate fuel oil are created by large diesel engines and marine vessel
diesal speciation profiles have yet to be developed, the U.S. EPA assumed that the speciation profilesfor heavy-
duty diesel vehicles(HDDV) could also be used for marine vessels (Cook, 1999).
Thespeciation profiles were applied to the tons VOC emissions to estimate the toxic emissions from marine vessels.
The HDDV speciation profiles were derived from information provided in “ Evaluation of Factors That Affect
Diesel Exhaust Toxicity” (Truex and Norbeck, 1998). An example of how the speciation profiles were derived isas
follows:

2.14 acrolein weighted total (mg/Bhp-hr) / 604.91 (mg/Bhp-hr) VOC weighted total =
0.0035 acrolein/VOC

Table 1 contains the toxic emissions from marine vessels using ditillate fuel ail.

Table1: MarineVessel Distillate Fuel Oil Emissions

Pollutant Speciation Profiles Distillate Fuel Oil VOC | 1990 Distillate Fud Oil
(Pollutant/VOC) Emissions (tons) Toxic Emissions (tons)

Acrolein 0.0035 29,014 101.55

Styrene 0.0021 29,014 60.93
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Methodology:
Part 2: Residua Fuel Oil

Emission factors for marine vessels using residual fuel oil were obtained from the U.S. EPA (Porter, 1998; and U.S.
EPA, 1996) and converted from Ib/MM Btu to Ib/gallon using a conversion factor of 140,000 Btu/gallon. These
conversion factors were applied directly to the gallons of residual fuel oil used in port (calculated above) to estimate
the toxic emissions from marine vessels using residual fuel oil. These calculations can be found in Table 2.

Table2: MarineVessel Residual Fuel Oil Emissions

Pollutant Emission Factor | Residual Fud Oil UsedinPort | 1990 Residual Fud Oil Toxic
(tons/10° gallon) (thousand gallons) Emissions (tons)
Acetaldehyde 245 E-06 1,581,581 387
Benzene 1.05 E-07 1,581,581 0.17
Formaldehyde 1.68 E-05 1,581,581 26.57
POM as 16-PAH 5.88 E-07 1,581,581 093
Arsenic 6.58 E-07 1,581,581 104
Beryllium 1.40 E-08 1,581,581 0.02
Cadmium 1.96 E-07 1,581,581 031
Chromium 4.20 E-O07 1,581,581 0.66
Lead 7.70 E-07 1,581,581 122
Manganese 147 E-06 1,581,581 232
Mercury 5.67 E-08 1,581,581 0.09
Nickel 4.20 E-05 1,581,581 66.43
Selenium 343 E-07 1,581,581 054
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Methodology:

L ocomoti ves - 1990 Emissions: Acrolein, Ethyl benzene, n-Hexane, Propionaldehyde, Styrene, Toluene, and
Xylene

1990 toxic emissions from locomotives were calculated using the following steps.

First, the 1990 national distillate fuel oil sales (in gallons) were obtained from the Fuel Oil and Kerosene Sales,
1990 report (U.S. DOE, 1991).

1990 Railroad Distillate Fuel Oil Sales: 3,104,630,000 gallons

Next, ahydrocarbon (HC) emission factor for locomotives was provided in Procedures for Emission Inventory
Preparation, Volume 1V: Mabile Sources (U.S. EPA, 1992). Thisemission factor was applied to the 1990 national
distillate fuel oil sales (above) to give the pounds of HC emissions. Thepounds of HC were converted to total tons
HC by dividing the pounds by 2000 (Ibs/ton).

3,104,630,000 gallons X 0.0211 Ibs HC/gallon X 1 ton/2,000 Ibs = 32,754 tonsHC

The tons HC emissions were then converted to tons volatile organic compound (VOC) emissions by applying a
conversion factor provided in Procedures for Emisson Inventory Preparation, Volume IV: Mobile Sources
(U.S. EPA, 1992).

32,754 tonsHC X 1.005 VOC/HC = 32,918 tons VOC

Since locomotive emissions are created by large diesel engines and locomotive diesel speciation profiles have yet to
be developed, the U.S. EPA assumed that the speciation profiles for heavy-duty diesel vehicles (HDDV) could also
be used for locomotives (U.S. EPA, 1992). The HDDV speciation profiles were derived from information provided
in “EBvaluation of Factors That Affect Diesal Exhaust Toxicity” (Truex and Norbeck, 1998). An example of how the
speciation profileswere derived is as follows:

2.14 acrolein weighted total (mg/Bhp-hr) / 604.91 (mg/Bhp-hr) VOC weighted total =
0.0035 acrolein/\VOC

These speciation profiles were applied to the tons VOC emissions for each state to estimate the toxic emissions from
locomotives. Table 1 displays the toxic emissions from |ocomotives.

Table 1: 1990 L ocomotive Toxic Emissions

Pollutant Speciation Profiles Distillate Fuel Oil VOC | 1990 Distillate Fud Oil
(Pollutant/VOC) Emissions (tons) Toxic Emissions (tons)
Acrolein 0.0035 32,918 115.21
Styrene 0.0021 32,918 69.13
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Methodology:
Non-Road Vehiclesand Equipment- 1,3-Butadiene, Acetaldehyde, Formaldehyde, and Styrene (1990)

Tota 1990 emissions were calculated using the following steps. (These calculations can also be viewed in the
spreadsheet below.)

Tota 1990 volatile organic compound (VOC) emissions for non-road vehicles and equipment were provided in an
E-mail from Rich Cook, U.S. Environmental Protection Agency (U.S. EPA)/Office of Mobile Sources (OMS) to
Richard Billings and Teresa Kraus, Eastern Research Group, Inc., or ERG [Cook (c), 1998]. These nonroad
gasoline and diesel engine VOC totals were draft nonroad V OC numbers for the 1998 Trends inventory (9/29/99
version).

Non-Road Gasoline Powered 1,754,000
Non-Road Diesel Powered 417,000

The non-road gasoline total was then weighted for 2- and 4-stroke engines based on information in an E-mail from
Rich Cook, U.S. EPA/OMS, to Richard Billings, ERG [Cook (a), 1998]. The estimates provided in the E-mail were
outputs from a draft version of the NONROAD model produced by the OMS.

2-stroke Engine Fraction = 52%
4-stroke Engine Fraction = 48%

Application of these percentages to the total non-road gasoline vehicle and equipment VOC total gives the
following breakdown.

2-stroke Engine Fraction: 1,754,000 tons VOC X 0.52 = 912,080 tons VOC
4-stroke Engine Fraction: 1,754,000 tons VOC X 0.48 = 841,920 tons VOC

Exhaust and evaporative emission fractions were also provided in the E-mail from Rich Cook to Richard Billings
[Cook (a), 1998]. Nonroad vehicles and equipment have no 1,3-butadiene, acetaldehyde, formaldehyde, or styrene
evaporative emissons, therefore, evaporative emissions were not calculated. For 2-stroke engines, the exhaust
fraction was 95%, and for 4-stroke engines, the exhaust fraction was 84%. These fractionswere applied to the 2-
and 4-stroke engine VOC values calcul ated above.

VOC Exhaust Emissions
2-Stroke Engines: 912,080 tonsVOC X 0.95 = 866,476.00 tons VOC
4-Stroke Engines: 841,920 tons VOC X 0.84 = 707,212.80 tons VOC

Organic pollutant speciation profiles for 2-stroke, 4-stroke and diesel engines are provided below and were applied
to the VOC vaues aove.

Speciation Profiles
Part 4 of the spreadsheet bel ow contains the pollutant/\VVOC fractions.

Exhaust Fractions

The 2-stroke, 4-stroke, and diesel engine exhaust pollutant/V OC fractions from the Albert Censullo reference,
Devel opment of Species Profiles for Selected Organic Emisson Sources (reference 1 of Part 4 on the spreadsheet),
were given as percent total organic gas (TOG). For each of the enginesin this study, the percentages were
averaged. Each average was then converted to VOCsusing conversion factors provided in an E-mail from Rich
Cook, U.S. EPA/OMS, to Richard Billings and TeresaKraus, ERG, [Cook (b), 1998].
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Methodology:

Example conversion calculaion of %TOG to VOC for 2-Stroke Engines:

(0.26620 average 1,3-butadiene % TOG / 100) X 1.0000 VOC/TOG = 2.6620E-03 1,3-butadiene/\VVOC
exhaust fraction

Example conversion calculaion of %TOG to VOC for 4-Stroke Engines:

(1.3424 average 1,3-butadiene % TOG / 100) X 1.0912 VOC/TOG = 1.4648E-02 1,3-butadiene/VOC
exhaust fraction

Example conversion calculation of %TOG to VOC for Diesel Engines:
(0.18983 average 1,3-butadiene % TOG / 100) X 1.0173 VOC/TOG = 1.8616E-03 1,3-butadiene/\VOC
exhaust fraction

Additionally, pollutant/VVOC fractionsfor 2- and 4-stroke engines were provided in a memorandumfrom Rich
Cook, U.S. EPA/OMS, to Anne Pope, U.S. EPA/OAQPS (Cook, 1997). The pollutant/VOC fractions from this
reference can be found in the rows labeled, “V OC Fractions From Reference 2.”

The exhaust pollutant/VOC fractions for 2- and 4-stroke engines provided by the references listed above were then
combined using aweighted average based on the number of engines used in each study. (Thiswas not done for the
diesel engines; the pollutant/\VVOC fractions from the Censullo reference were the final fractions.)

The final exhaust pollutant/\VV OC fractions were then applied to the exhaust VOC tota calculated above for non-road
vehicles and equipment with 2-stroke, 4-stroke, and diesel engines.

The fina nonroad vehicle and equipment 1,3-butadiene, acetal dehyde, formaldehyde, and styrene emissions were
calculated by adding the exhaust totals from all of the engine types- 2-stroke, 4-stroke, and diesel engines. Thiscan
be found in Part 8 of the spreadsheet below.
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Methodology:

Non-Road Vehicles and Equipment- 1,3-Butadiene, Acetaldehyde, Formaldehyde, and Styrene (1990)

Part 1: 1990 Non-Road Vehicle and Equipment VOC Emissions

Vehicle Type Gasoline Powered | Diesel Powered

VOC (tons/yr) 1,754,000 417,000

Part 2: Calculation of VOC Emission Totals by Engine Type

. Gasoline Powered Engine Type VOC Total by

E T . .

ngine type VOC Total Fraction Engine Type

2-Stroke Engines 1,754,000 52% 912,080

4-Stroke Engines 1,754,000 48% 841,920

Part 3: Calculation of Gasoline Engine VOC Exhaust Emissions by Engine Type

. VOC Total by Exhaust 19%0voC

Engine Type Engine Type Component Exhaust

9 s P Emissions

2-Stroke Engines 912,080 95% 866,476.00

4-Stroke Engines 841,920 84% 707,212.80

Part 4: 2-Stroke, 4-Stroke, and Diesel Pollutant/VOC Fractions

Pollutant 1,3-Butadiene Acetaldehyde Formaldehyde Styrene
2-Stroke Engines %

TOG (Reference 1) 0.0000E+00 4.7300E-02 1.0100E-02 8.6560E-01
3.2310E-01 7.7000E-01 1.5640E-01 0.0000E+00
4.0730E-01 2.7900E-02 1.0100E-02 3.0010E-01
4.6490E-01 2.7620E-01 5.9830E-01 0.0000E+00
1.3570E-01 5.6300E-02 1.0930E-01 0.0000E+00

Average % TOG 2.6620E-01 2.3554E-01 1.7684E-01 2.3314E-01

2-Stroke Engine TOG to

VOC Conversion

(Reference 2): 2.6620E-03 2.3554E-03 1.7684E-03 2.3314E-03

VOC Fractions From

Reference 2: 1.5000E-03 8.0000E-04 3.5000E-03 0.0000E+00

Final 2-Stroke

Exhaust Pollutant/

VOC Fractions Used

In Calculations: 2.1456E-03 1.6641E-03| 2.5380E-03|1.2952E-03

4-Stroke Engines %

TOG (Reference 1) 1.2605E+00 1.7230E-01 5.5600E-01 0.0000E+00
1.5316E+00 1.4410E-01 3.1622E+00 5.0800E-01
2.8171E+00 2.3920E-01 5.8400E-01 0.0000E+00
1.3788E+00 1.7500E-01 8.2100E-01 0.0000E+00
1.2842E+00 1.4080E-01 6.6140E-01 5.9430E-01
1.3815E+00 4.3430E-01 2.4286E+00 0.0000E+00
2.1380E-01 2.2100E-01 7.1890E-01 0.0000E+00
8.7140E-01 1.0038E+00 1.5810E+00 0.0000E+00

Average % TOG 1.3424E+00 3.1631E-01 1.3141E+00 1.3779E-01

4-Stroke Engine TOG to

VOC Conversion

(Reference 2): 1.4648E-02 3.4516E-03 1.4340E-02 1.5035E-03

VOC Fractions From

Reference 2: 7.9000E-03 4.5000E-03 1.0100E-02|  3.0000E-04
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2-Stroke, 4-Stroke, and Diesel Pollutant/VOC Fractions

Part 4 (Continued):

Pollutant 1,3-Butadiene | Acetaldehyde | Formaldehyde Styrene

Final 4-Stroke

Exhaust Pollutant/

VOC Fractions Used

In Calculations: 1.0471E-02| 4.1006E-03| 1.1715E-02| 7.5849E-04

Diesel Engines %

TOG (Reference 1) 0.0000E+00 5.5769E+00 1.3861E+01 8.7700E-02
0.0000E+00 5.9778E+00 1.5052E+01 0.0000E+00
0.0000E+00 7.5917E+00 1.9066E+01 7.6900E-02
1.4333E+00 3.3328E+00 6.7659E+00 0.0000E+00
1.6400E-02 8.5927E+00 2.1792E+01 6.2300E-02
2.0600E-02 1.1513E+01 1.6193E+01 3.3600E-02
0.0000E+00 9.3346E+00 1.1839E+01 0.0000E+00
4.8300E-02 6.5077E+00 1.3077E+01 2.0700E-01

Average %TOG 1.8983E-01|  7.3034E+00 1.4706E+01|  5.8438E-02

Diesel Engine TOG to

VOC Conversion

(Reference 2): 1.9311E-03 7.4298E-02 1.4960E-01 5.9448E-04,

Final Diesel

Pollutant/VOC

Fractions Used In

Calculations: 1.9311E-03| 7.4298E-02 1.4960E-01| 5.9448E-04

References:

1. Censullo, Albert C.,Ph. D, California Polytechnic State University. Development of Species Profiles for Selected Organic
Emission Sources. April 30, 1991.

2. Memorandum from Rich Cook, U.S. EPA/Office of Mobile Sources (OM S) to Anne Pope U.S. EP A/Office of Air Quality Planning
and Standards (OAQPS). " Source Identification and base Year 1990 Emission Inventory Guidance for Mo bile Source HAPs on the
OAQPS List of 40 Priority HAPs." June 11, 1997.

3. Memorandum from Rich Cook, U.S. EPA/OM S, to Laurel Driver and Anne Pope, U.S. EPA/OAQPS. "Guidance on Mobile Source
Emission Estimates in the 1996 National Toxics Invenory."

4. Gabele, Peter, U.S. EPA. Exhaust Emissions from Four-Stroke Lawn M ower Engines. Journal of the Air & Waste M angement

Association, Volume 47, pp. 945-950. September 1997.

Part 5: Calculation of 2-Stroke Exhaust Emissions

Pollutant 1,3-Butadiene | Acetaldehyde | Formaldehyde Styrene
2-Stroke Engine Exhaust

VOC Emissions 866,476 866,476 866,476 866,476
2-Stroke Engine Exhaust

Pollutant/VOC Fraction 2.1456E-03 1.6641E-03 2.5380E-03|  1.2952E-03
2-Stroke Exhaust

Emissions 1,859.07 1,441.91 2,199.12 1,122.28
Part 6: Calculation of 4-Stroke Exhaust Emissions

Pollutant 1,3-Butadiene | Acetaldehyde | Formaldehyde Styrene
4-Stroke Engine Exhaust

VOC Emissions 707,212.80 707,212.80 707,212.80 707,212.80
4-Stroke Engine Exhaust

Pollutant/VOC Fraction 1.0471E-02 4.1006E-03 1.1715E-02 7.5849E-04
4-Stroke Exhaust

Emissions 7,404.95 2,900.00 8,285.13 536.41
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Part 7: Calculation of Diesel Exhaust Emissions

Pollutant 1,3-Butadiene Acetaldehyde |Formaldehyde |Styrene

Diesel Engine Exhaust VOC Emissions 417,000 417,000 417,000 417,000
Diesel Engine Exhaust Pollutant/VOC Fraction 1.93E-03 7.43E-02 1.50E-01 5.94E-04
Diesel Exhaust Emissions 805.26 30,982.21 62,383.81 247.9
Part 8: Total 1990 Non-Road Vehicle and Equipment Toxic Emissions

Pollutant 1,3-Butadiene Acetaldehyde | Formaldehyde Styrene
2-Stroke Exhaust Emissions 1,859.07 1,441.91 2,199.12 1,122.28
4-Stroke Exhaust Emissions 7,404.95 2,900.00 8,285.13 536.41
Diesel Emissions 805.26 30,982.21 62,383.81 247.90
Total 1990 Emissions 10,069.28 35,324.12 72,868.06 1,906.59
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Methodology:
Non-Road Vehiclesand Equipment- Acrolein (1990)

Tota 1990 emissions were calculated using the following steps. (These calculations can also be viewed in the
spreadsheet below.)

Tota 1990 volatile organic compound (VOC) emissions for non-road vehicles and equipment were provided in an
E-mail from Rich Cook, U.S. Environmental Protection Agency (U.S. EPA)/Office of Mobile Sources (OMS) to
Richard Billings and Teresa Kraus, Eastern Research Group, Inc. (ERG) [Cook (a), 1998]. These nonroad gasoline
and diesel engine VOC totals were draft nonroad VOC numbers for the 1998 Trends inventory (9/29/99 version).

The non-road gasoline total was then weighted for 2- and 4-stroke engines based on information in an E-meail from
Rich Cook, U.S. EPA/OMS, to Richard Billings, ERG [Cook (b), 1998]. The estimates providedin the E-mail were
outputs from a draft version of the NONROAD model produced by the OMS.

Exhaust and evaporative emission fractions were also provided in the E-mail from Rich Cook to Richard Billings
[Cook (b), 1998]. Nonroad vehicles and equipment have no acrolein evaporative emissions; therefore, evaporative
emissions were not calculated. For 2-stroke engines, the exhaust fraction was 95%, and for 4-gtroke engines, the
exhaust fraction was 84%. These fractions were applied to the 2- and 4-stroke engine VOC vaues.

Acrolein/VVOC speciation profiles for 2-stroke, 4-stroke and diesel engines were provided in amemorandumfrom
Rich Cook, U.S. EPA/OMS, to Anne Pope, U.S. EPA/OAQPS (Cook, 1997), and were applied to the VOC vaues
above.

The final nonroad vehicle and equipment acrolein emissions were calcul ated by adding the exhaust totals from al of
the engine types- 2-stroke, 4-stroke, and diesel engines. Thiscan befound in Part 8 of the spreadsheet below.

References

Cook, Rich, U.S. EPA/Office of Mobile Sources (OMS) memorandumto Anne Pope U.S. EPA/Cffice of Air
Quality Planning and Standards (OAQPS). “ Source Identification and Base Y ear 1990 Emission Inventory
Guidance for Mobile Source HAPs on the OAQPS Ligt of 40 Priority HAPs.” June 11, 1997.

Cook, Rich (a), U.S. EPA/OMS, E-mail to Richard Billings and TeresaKraus, ERG. “Nonroad Vehiclesand
Equipment Emission Changes- Reply.” October 14, 1998.

Cook, Rich (b), U.S. EPA/OMS, E-mail to Richard Billings, Eastern Research Group, Inc. (ERG). “Nonroad NTI
Estimates.” October 5, 1998.
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Non-Road Vehicles and Equipment- Acrolein (1990)

Part 1: 1990 Non-Road Vehicle and Equipment VOC Emissions?

Vehicle Type Gasoline Powered Diesel Powered

VOC (tons/yr) 1,754,000 417,000

Part 2: Calculation of VOC Emission Totals by Engine Type?

Engine Type Gasoline Powered VOC Total | Engine Type Fraction VOC Total by Engine Type
2-Stroke Engines 1,754,000 52% 912,080.00
4-Stroke Engines 1,754,000 48% 841,920.00

Part 3: Calculation of Gasoline Engine VOC Exhaust Emissions by Engine Type?

Engine Type VOC Total by Engine Type Exhaust Component | 1990 VOC Exhaust Emissions
2-Stroke Engines 912,080 95% 866,476.00|
4-Stroke Engines 841,920 84% 707,212.80|

Part 4: 2-Stroke, 4-Stroke, and Diesel Pollutant/VOC Fractions?®

Engine Type Acrolein

2-Stroke 0.0003
4-Stroke 0.0007
Diesel 0.0115

Part 5: Calculation of 2-Stroke Exhaust Emissions

Pollutant Acrolein

2-Stroke Engine Exhaust
VOC Emissions 866,476.00
2-Stroke Engine Exhaust
Pollutant/VOC Fraction 0.0003
2-Stroke Exhaust
Emissions 259.94

Part 6: Calculation of 4-Stroke Exhaust Emissions

Pollutant Acrolein

4-Stroke Engine Exhaust
VOC Emissions 707,212.80
4-Stroke Engine Exhaust
Pollutant/VOC Fraction 0.0007
4-Stroke Exhaust
Emissions 495.05

Part 7: Calculation of Diesel Exhaust Emissions

Pollutant Acrolein

Diesel Engine Exhaust VOC
Emissions 417,000
Diesel Engine Exhaust
Pollutant/VOC Fraction 0.0115
Diesel Exhaust
Emissions 4,795.50

Part 8: Total 1990 Non-Road Vehicle and Equipment Toxic Emissions

Pollutant Acrolein

2-Stroke Exhaust Emissions 259.94
4-Stroke Exhaust Emissions 495.05
Diesel Emissions 4,795.50
Total 1990 Emissions 5,550.49

1: Cook, Rich (a), U.S.EPA/OM S, E-mail to Richard Billings and Teresa Kraus, ERG. “Nonroad Vehicles and Equipment Emission Changes- Reply.
October 14, 1998.

2:Cook, Rich (b), U.S.EPA/OM S, E-mail to Richard Billings, Eastern Research Group, Inc. (ERG).“Nonroad NT| Estimates.” October 5, 1998.
3: Cook, Rich, U.S. EPA/Office of Mobile Sources (OM S) memorandum to Anne Pope U.S. EPA/Office of Air Quality Planning and Standards
(OAQPS). “Source Identification and Base Year 1990 Emission Inventory Guidance for M o bile Source HAPs on the OAQPS List of 40 Priority
HAPs." June 11,1997.
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Methodology:
Non-Road Vehiclesand Equipment- Benzene (1990)

Tota 1990 emissions were calculated using the following steps. (These calculations can also be viewed in the
spreadsheet below.)

Tota 1990 volatile organic compound (VOC) emissions for non-road vehicles and equipment were provided in an
E-mail from Rich Cook, U.S. Environmental Protection Agency (U.S. EPA)/Office of Mobile Sources (OMS) to
Richard Billings and Teresa Kraus, Eastern Research Group, Inc., or ERG [Cook (c), 1998]. These nonroad
gasoline and diesel engine VOC totals were draft nonroad V OC numbers for the 1998 Trends inventory (9/29/99
version).

Non-Road Gasoline Powered 1,754,000
Non-Road Diesel Powered 417,000

The non-road gasoline total was then weighted for 2- and 4-stroke engines based on information in an E-meail from
Rich Cook, U.S. EPA/OMS, to Richard Billings, ERG [Cook (a), 1998]. The estimates provided in the E-mail were
outputs from a draft version of the NONROAD model produced by the OMS.

2-stroke Engine Fraction = 52%
4-stroke Engine Fraction = 48%

Application of these percentages to the total non-road gasoline vehicle and equipment VOC total gives the
following breakdown.

2-stroke Engine Fraction: 1,754,000 tons VOC X 0.52 = 912,080 tons VOC
4-stroke Engine Fraction: 1,754,000 tons VOC X 0.48 = 841,920 tons VOC

Exhaust and evaporative emission fractions were also provided in the E-mail from Rich Cook to Richard Billings
[Cook (a), 1998]. For 2-stroke engines, the exhaust fraction was 95%, and the evaporative fraction was 5%. For 4-
stroke engines, the exhaust fraction was 84%, and the evaporative fraction was 16%. These fractions were applied
to the 2- and 4-stroke engine VOC values cal culated above.

VOC Exhaust Emissions
2-Stroke Engines: 912,080 tonsVOC X 0.95 = 866,476.00 tons VOC
4-Stroke Engines: 841,920 tons VOC X 0.84 = 707,212.80 tons VOC

VOC Evaporative Emissions
2-Stroke Engines: 912,080 tonsVV OC X 0.05 = 45,604.00 tons VOC
4-Stroke Engines: 841,920 tons VOC X 0.16 = 134,707.20 tons VOC

Organic pollutant speciation profiles for 2-stroke, 4-stroke and diesel engines are provided below and were applied
to the VOC vaues aove.

Speciation Profiles
Part 5 of the spreadsheet below contains the pollutant/\VVOC fractions.

1. Exhaust Fractions

The 2-stroke, 4-stroke, and diesel engine exhaust pollutant/V OC fractions from the Albert Censullo reference,
Devel opment of Species Profiles for Selected Organic Emisson Sources (reference 1 of Part 5 on the spreadsheet),
were given as percent total organic gas (TOG). For each of the enginesin this study, the percentages were
averaged. Each average was then converted to VOCs using converson factors provided in an E-mail from Rich
Cook, U.S. EPA/OMS, to Richard Billings and Teresa Kraus, ERG, [Cook (b), 1998].
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Example conversion calculaion of %TOG to VOC for 2-Stroke Engines:
(3.5685 average benzene % TOG / 100) X 1.0000 VOC/TOG = 3.5685E-02 benzene/VOC exhaust fraction
Example conversion calculaion of %TOG to VOC for 4-Stroke Engines:
(5.3390 average benzene % TOG / 100) X 1.0912 VOC/TOG = 5.8259E-02 benzene/VOC exhaust fraction

Example conversion calculation of %TOG to VOC for Diesel Engines:
(1.9999 average benzene % TOG / 100) X 1.0173 VOCI/TOG = 2.0344E-02 benzene/VVOC exhaust fraction

Additionally, pollutant/\VVOC fractionsfor 2- and 4-stroke engines were provided in a memorandumfrom Rich
Cook, U.S. EPA/OMS, to Anne Pope, U.S. EPA/OAQPS (Cook, 1997). The pollutant/VOC fractions from this
reference can be found in the rows labeled, “V OC Fractions From Reference 2.”

The exhaust pollutant/\VOC fractions for 2- and 4-stroke engines provided by the references listed above were then
conmbined using aweighted average based on the number of engines used in each study. (Thiswas not done for the
diesel engines; the pollutant/\VVOC fractions from the Censullo reference were the final fractions.)

The final exhaust pollutant/\VV OC fractions were then applied to the exhaust VOC tota calculated above for non-road
vehicles and equipment with 2-stroke, 4-stroke, and diesel engines.

1. Evaporative Fractions

Evaporative pollutant/\VVOC fractions for benzene emissions from 2- and 4-stroke engines were provided in a
memorandum from Rich Cook, U.S. EPA/OMS, to Anne Pope, U.S. EPA/OAQPS (Cook, 1997). The evaporative
pollutant/\VVOC fraction was applied to the evaporative VOC totd calculated above for non-road vehicles and
equipment with 2- and 4-stroke engines.

The final nonroad vehicle and equipment benzene emissions were cal culated by adding the exhaust and evaporative
totalsfrom all of the engine types- 2-stroke, 4-stroke, and diesel engines. This can be found in Part 12 of the
spreadsheet below.
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Guidance for Mobile Source HAPs on the OAQPS Ligt of 40 Priority HAPs.” June 11, 1997.

Cook, Rich (a), U.S. EPA/OMS, E-mail to Richard Billings, Eastern Research Group, Inc. (ERG). “Nonroad NTI
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Non-Road Vehicles and Equipment- Benzene (1990)

Part 1: 1990 Non-Road Vehicle and Equipment VOC Emissions

Vehicle Type

Gasoline Powered

Diesel Powered

VOC (tons/yr)

1,754,000

417,000

Part 2: Calculation of

VOC Emission Totals by Engine Type

Engine Type Gasoline Powered| Engine Type VOC Total by
9 yp VOC Total Fraction Engine Type
2-Stroke Engines 1,754,000 52% 912,080
4-Stroke Engines 1,754,000 48% 841,920

Part 3: Calculation of Gasoline Engine VOC Exhaust Emissions by
. VOC Total by Exhaust 1990 vOC
Engine Type Engine Type Component Exhaust
B ye M Emissions

2-Stroke Engines 912,080 95% 866,476.00

4-Stroke Engines 841,920 84% 707,212.80

Part 4: Calculation of

1990 VOC
. VOC Total by Exhaust
Engine Type Engine Type Component Exhaust
9 s P Emissions
2-Stroke Engines 912,080 5% 45,604.00
4-Stroke Engines 841,920 16% 134,707.20

Part 5: 2-Stroke, 4-St

roke, and Diesel

Pollutant Benzene

2-Stroke Engines %

TOG (Reference 1) 4.6134E+00
3.5433E+00
3.8729E+00
3.3129E+00
2.4998E+00

Average %TOG 3.5685E+00

2-Stroke Engine TOG to

VOC Conversion

(Reference 2): 3.5685E-02

VOC Fractions From

Reference 2: 1.2000E-02

Final 2-Stroke

Exhaust Pollutant/

VOC Fractions Used

In Calculations: 2.5158E-02

Pollutant/VOC Fractions

Engine Type

Gasoline Engine VOC Evaporative Emissions by Engine Type
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Part 5 (Continued): 2-Stroke, 4-Stroke, and Diesel Pollutant/VOC Fractions

Pollutant Benzene

4-Stroke Engines %
TOG (Reference 1) 7.5099E+00

5.2688E+00
3.9106E+00
4.8613E+00
4.1764E+00

4.4417E+00

7.2653E+00
5.2782E+00

Average % TOG 5.3390E+00

4-Stroke Engine TOG to
VOC Conversion

(Reference 2): 5.8259E-02
VOC Fractions From

Reference 2: 4.8900E-02
VOC Fractions From Already included in
Reference 4: Reference 2

Final 4-Stroke
Exhaust Pollutant/
VOC Fractions Used
In Calculations: 5.2466E-02
Diesel Engines %
TOG (Reference 1) 1.0546E+00

1.4391E+00

1.7424E+00
6.2867E+00
1.4855E+00
1.2672E+00
9.9480E-01

1.7285E+00
Average % TOG 1.9999E+00

Diesel Engine TOG to
VOC Conversion
(Reference 2): 2.0344E-02
Final Diesel
Pollutant/VOC
Fractions Used In
Calculations: 2.0344E-02

References:

1. Censullo, Albert C.,Ph. D, California Polytechnic State University. Development of Species Profiles for Selected Organic Emission Sources.
April 30, 1991.

2. Memorandum from Rich Cook, U.S. EPA/Office of Mobile Sources (OM S) to Anne Pope U.S. EP A/Office of Air Quality P lanning and
Standards (OAQPS). " Source Identification and base Year 1990 Emission Inventory Guidance for Mo bile Source HAPs on the OAQPS List of
40 Priority HAPs." June 11, 1997.

3. Memorandum from Rich Cook, U.S.EPA/OM S, to Laurel Driver and Anne Pope, U.S. EPA/OAQPS. "Guidance on Mobile Source Emission
Estimates in the 1996 National Toxics Invenory."

Part 6: Evaporative Emission Pollutant/VOC Fractions

Pollutant Benzene

2- and 4-Stroke Engine
Evaporative Pollutant/
VOC Fraction 2.2000E-02
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Part 7: Calculation of 2-Stroke Exhaust Emissions

Pollutant Benzene
2-Stroke Engine Exhaust

VOC Emissions 866,476.00|
2-Stroke Engine Exhaust

Pollutant/VOC Fraction 2.5158E-02
2-Stroke Exhaust

Emissions 21,798.90

Part 8: Calculation of

2-Stroke Evaporative Emissions

Pollutant

Benzene

2-Stroke Engine
Evaporative VOC
Emissions

45,604.00|

2-Stroke Engine
Evaporative
Pollutant/VOC Fraction

2.2000E-02

2-Stroke Evaporative
Emissions

1,003.29

Part 9: Calculation of

4-Stroke Exhaust Emissions

Pollutant Benzene
4-Stroke Engine Exhaust

VOC Emissions 707,212.80
4-Stroke Engine Exhaust

Pollutant/VOC Fraction 5.2466E-02
4-Stroke Exhaust

Emissions 37,104.27

Part 10: Calculation of 4-Stroke Evaporative Emissions

Pollutant

Benzene

4-Stroke Engine
Evaporative VOC
Emissions

134,707

4-Stroke Engine
Evaporative
Pollutant/VOC Fraction

2.2000E-02

4-Stroke Evaporative
Emissions

2,963.56

Part 11: Calculation of Diesel Exhaust Emissions

Pollutant Benzene
Diesel Engine Exhaust

VOC Emissions 417,000
Diesel Engine Exhaust

Pollutant/VOC Fraction 2.0344E-02
Diesel Exhaust

Emissions 8,483.65

Part 12: Total 1990 Non-Road Vehicle

Pollutant Benzene
2-Stroke Exhaust

Emissions 21,798.90
2-Stroke Evaporative

Emissions 1,003.29
4-Stroke Exhaust

Emissions 37,104.27
4-Stroke Evaporative

Emissions 2,963.56
Diesel Emissions 8,483.65
Total 1990

Emissions 71,353.67

and Equipment Toxic Emissions
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Methodology:
Non-Road Vehiclesand Equipment- Chromium, Manganese, Mercury, and Nickel (1990)

To calculate the 1990 chromium, manganese, mercury, and nickel emissions estimates, speciation profileswere
applied to 1990 national emissions estimates of non-road gasoline and diesel engine particulate matter less than 10
micronsin size (PM10). The 1990 national PM 10 emissions for non-road vehicles and equipment were provided in
an E-mail from Rich Cook, U.S. EPA/OMS, to Richard Billings and Teresa Kraus, Eastern Research Group, Inc
(Cook, 1998). These PM 10 emissions were draft nonroad PM 10 numbers used in the 1998 Trends inventory
(9/29/99 version).

Non-Road Gasoline = 48,000 tonsPM 10
Non-Road Diesel = 318,000 tons PM 10

Based on recommendations in amemorandum from Rich Cook, U.S. Environmental Protection Agency (U.S.
EPA)/Office of Mobile Sources (OMS), to Anne Pope, U.S. EPA/Office of Air Quality Planning and Standards, or
OAQPS, (Cook, 1997), on-road gasoline and diesel vehicle speciation profiles were used as surrogates for non-road
engines, because no speciation datafor the metallic pollutants were available for non-road engines. The speciation
profiles for on-road gasoline and diesel vehicles were applied to the PM 10 emissions above. The gasoline engine
group included light-duty gasoline vehicles (LDGVs), motorcycles (MCs), light-duty gasoline trucks 1 and 2
(LDGTSs) and heavy-duty gasoline vehicles. The diesel engine group consisted of heavy-duty diesel vehicles
(HDDVs). These speciation profiles can be found in Part 2 of the spreadsheet below.

The calculations of the gasoline and diesel emission estimates can be found in Parts 3 and 4 of the spreadsheet
below. The following example calculation was repeated for each of the metals:

Chromium from Gasoline Engines

48,000 tons PM X 0.00006 chromium fraction (from Table 1) = 2.88 tons chromium
Chromium from Diesel Engines

318,000 tons PM X 0.00007 chromium fraction = 22.26 tons chromium

Total Chromium Emissions
2.88 tons chromium from gasoline engines + 22.26 tons chromium from diesel engines=
25.14 tons chromium

References

Cook, Rich, U.S. EPA/Office of Mabile Sources (OMS), memorandum to Anne Pope U.S. EPA/Office of Air
Quality Planning and Standards (OAQPS). “ Source Identification and Base Y ear 1990 Emission Inventory
Guidance for Mobile Source HAPs on the OAQPS Ligt of 40 Priority HAPs.” June 11, 1997.

Cook, Rich, U.S. EPA/Office of Mabile Sources (OMS), E-mail to Richard Billings and Teresa Kraus, Eastern
Research Group, Inc. “Nonroad V ehicles and Equipment Emission Changes- Reply.” October 14, 1998.
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Non-Road Vehicles and Equipment- Chromium, Manganese, Mercury, and Nickel (1990)

Part 1: 1990 PM10 Emissions
Engine Type Gasoline Engines Diesel Engines
PM10 (tons/yr) 48,000 318,000

Part 2: Gasoline and Diesel Speciation Profiles for On-Road Vehicles

Pollutant Gasoline Vehicles Diesel Engines
Chromium 0.00006 0.00007
Manganese 0.00012 0.00007
Mercury 0.00001 0.00002
Nickel 0.00007 0.00003

Part 3: 1990 Metal Emissions from Non-Road Gasoline Engines

Pollutant 1990 Gasqling Engine Speciation Profile Tgtal Ga.soli.ne
PM Emissions Engine Emissions
Chromium 48,000 0.00006 2.88
Manganese 48,000 0.00012 5.76
Mercury 48,000 0.00001 0.48
Nickel 48,000 0.00007 3.36

Part 4: 1990 Metal Emissions from Non-Road Diesel Engines
1990 Diesel Engine PM Total Diesel Engine

Pollutant . Speciation Profile .
Emissions Emissions
Chromium 318,000 0.00007 22.26
Manganese 318,000 0.00007 22.26
Mercury 318,000 0.00002 6.36
Nickel 318,000 0.00003 9.54

Part 5: 1990 Total Metallic Pollutant Emissions from Non-Road Vehicles and Equipment

Pollutant Total Gasoline Engine | Total Diesel Engine 1990 Total
Emissions Emissions Emissions
Chromium 2.88 22.26 25.14
Manganese 5.76 22.26 28.02
Mercury 0.48 6.36 6.84
Nickel 3.36 9.54 12.90
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Methodology:
Non-Road Vehiclesand Equipment- Lead (1990)

The 1990 national estimate for lead was provided in the National Air Pollutant Emission Trends, 1900-1996 report
(U.S. EPA/OAQPS, 1997).

Reference

U.S. Environmental Protection Agency (U.S. EPA)/Office of Air Quality Planning and Standards (OAQPS).
National Air Pollutant Emission Trends, 1900-1996. EPA-454/R-97-011. December 1997.
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Methodology:
Non-Road Vehiclesand Equipment- POM as 16-PAH and POM as 7-PAH (1990)

The estimatesfor POM as 16-PAH and 7-PAH were calculated by applying speciation profiles to the 1990 national
nonroad vehicle and equipment volatile organic compound (VOC) emissions.

Totd 1990 VOC emissions for nonroad vehicles and equipment were provided in an E-mail from Rich Cook, U.S.
EPA/OMS, to Richard Billings and Teresa Kraus, Eastern Research Group, Inc., or ERG [Cook (b), 1998]. These
VOC emissons were draft nonroad VOC numbers used in the 1998 Trends inventory (9/29/99 version).

Non-Road Gasoline Powered = 1,754,000
Non-Road Diesel Powered = 417,000

The non-road gasoline total was then weighted for 2- and 4-stroke engines based on information in an E-mail from
Rich Cook, U.S. EPA/OMS, to Richard Billings, ERG, October 5, 1998. The estimates provided in the E-mail were
outputs from a draft version of the NONROAD model produced by the OMS.

2-stroke Engine Fraction = 52%
4-stroke Engine Fraction = 48%

Application of these percentages to the total non-road gasoline vehicle and equipment VOC total gives the
following breakdown.

2-stroke Engine Fraction: 1,754,000 tons VOC X 0.52 = 912,080 tons VOC
4-stroke Engine Fraction: 1,754,000 tons VOC X 0.48 = 841,920 tons VOC

Exhaust and evaporative emission fractions were also provided in the E-mail from Rich Cook to Richard Billings
[Cook (a), 1998]. For 2-stroke engines, the exhaust fraction was 95%, and the evaporative fraction was 5%. For 4-
stroke engines, the exhaust fraction was 84%, and the evaporative fraction was 16%. These fractions were applied
to the 2- and 4-stroke engine VVOC values cal culated above. Nonroad vehicles and equipment have no acrolein
evaporative emissons, therefore, the evgporative percentages were not cal culated.

VOC Exhaust Emissions
2-Stroke Engines. 912,080 tonsVOC X 0.95 = 866,476 tons VOC
4-Stroke Engines: 841,920 tonsVOC X 0.84 =707,213 tonsVOC

Speciaion profilesfor POM as 16- and 7-PAH were provided in amemorandum from Rich Cook, U.S.
Environmental Protection Agency (U.S. EPA)/Office of Mobile Sources (OMS), to Anne Pope, U.S. EPA/Office of
Air Quality Planning and Standards (Cook, 1997). These profiles were applied to the 2-stroke, 4-stroke, and diesel
VOC exhaust emissions above.

POM as 16-PAH

2-Sroke Engines: 866,476 tonsVOC X 1.66E-05 POM as 16-PAH/VOC = 14.38 tons POM as 16-PAH
4-Sroke Engines: 707,213 tons VOC X 1.51E-05 POM as 16-PAH/VOC = 10.68 tons POM as 16-PAH
Diesel Engines: 417,000 tons VOC X 6.27E-06 POM as 16-PAH/VOC = 2.61 tons POM as 16-PAH

Total POM as 16-PAH: 14.38 tons POM as 16-PAH from 2-groke engines + 10.68 tons POM as 16-PAH
from 4-stroke engines + 2.61 tons POM as 16-PAH from diesel engines= 27.67 tons POM as 16-PAH

POM as7-PAH

2-Sroke Engines: 866,476 tons VOC X 8.61E-06 POM as 7-PAH/VOC = 7.46 tons POM as 7-PAH
4-Sroke Engines. 707,213 tons VOC X 7.84E-06 POM as 7-PAH/VOC = 5.54 tons POM as 7-PAH
Diesel Engines: 438,000 tons VOC X 1.79E-06 POM as 7-PAH/VOC =0.75 tons POM as 7-PAH

Total POM as 7-PAH: 7.46 tons POM as 7-PAH from 2-stroke engines + 5.54 tons POM as 7-PAH from
4-stroke engines + 0.75 tons POM as 7-PAH from diesel engines = 13.75tons POM as 7-PAH
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Reference

Cook, Rich, U.S. EPA/Office of Mabile Sources (OMS), memorandum to Anne Pope U.S. EPA/Office of Air
Quality Planning and Standards (OAQPS). “ Source Identification and Base Y ear 1990 Emission Inventory
Guidance for Mobile Source HAPs on the OAQPS List of 40 Priority HAPs.” June 11, 1997.

Cook, Rich (a), U.S. EPA/OMS, E-mail to Richard Billings, Eastern Research Group, Inc. (ERG). “Nonroad NTI
Estimates.” October 5, 1998.

Cook, Rich (b), U.S. EPA/OMS, E-mail to Richard Billings and TeresaKraus, Eastern Research Group, Inc.
“Nonroad Vehicles and Equipment Emission Changes- Reply.” October 14, 1998.
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Methodology:

Onroad vehicle mobile source estimates were cal cul ated based on two general approaches that either relied on
speciation data or emission factors[vehiclemiles traveled (VMT)-based]. The approach most commonly used in
thisinventory was the speciation approach. For dioxing/furans and lead, however, estimates were taken directly
from existing sources. A summary of the onroad emission estimates are below.

Dioxing/Furansas 2,3,7,8-TCDD TEQ and Lead Egtimates
The egimatefor dioxins/furansas 2,3,7,8-TCDD TEQ is from the 112(c)(6) report.t The estimate for lead is from
the TRENDS report.?

The following pollutants were cal culated using speciation data.

Arsenic Estimates
Inthe TOC/PM Speciation Data System, Version 2.03, there are arsenic speciation profiles for particul ate matter
less than 10 microns (PM 10) for light-duty gasoline vehicles (LDGVs) using leaded gasoline and diesel fuel.®

For the leaded fuels, the three speciation profiles provided were averaged to get the emission factor used.
(0.009 % + 0.133 % + 0.009 %) / 3= 0.05 % of PM10 isarsenic

It was documented in an E-mail from Rich Cook, U.S. Environmental Protection Agency (U.S. EPA)/Office of
Mobile Sources (OMS), that 4.8 percent of fuel consumed for on-road vehicles in 1990 was leaded.* This
percentage was applied to the PM 10 emission estimate in the National Emission Trends Viewer, Version 2.0 for

L DGVs to approximate the amount of PM10 emitted by light-duty vehicles that could be attributed to vehicles using
leaded fuels.®

60,956 tons X 0.048 = 2,925.89 tons of PM 10 associated with use of leaded fuels in LDGV's

The average of arsenic emission factorsfor light-duty vehicles using leaded gasoline was goplied to the estimate of
PM 10 attributed to light-duty vehicles using leaded fuel to get the arsenic estimate for this source category.

2,925.89 tons PM 10 X 0.0005 arsenic/PM10 = 1.46 tons ar senic

iesel id
Light-Duty Diesel Vehicles (LDDVs) and Light-Duty Diesel Trucks (LDDTSs)

Thesingle speciation profile, 32103, from the TOC/PM Speciation Data System, Version 2.03,3 for light-duty
vehiclesthat use diesel fuel was applied to the estimate of PM 10 for LDDVs and LDDTSs asreported in the National
Emission Trends Viewer, Verson 2.0 to get the arsenic estimate for light-duty diesel vehicles.

10,752 tons PM 10 X 0.00002 arsenic/PM10 = 0.22 tons ar senic
Heavy-Duty Diesdl Vehicles (HDDVs)
For HDDVSs, an arsenic/PM 10 fraction derived from information provided in the Truex and Norbeck reference® was
applied to the total HDDV PM10 estimate reported in the National Emission Trends Viewer, Version 2.0.5

224,113 tons PM 10 X 0.000000357 tons arsenic/tons PM10 = 0.08 tons ar senic

Total 1990 Arsenic Emissions
Gasoline Veéhicles LDDVs + LDDTs HDDVs Total
1.46 tons 0.22 tons 0.08 tons 1.76tons
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Acrolein and Styrene Estimates
Totd 1990 acrolein and styrene emissons were calculated as follows:

Tota 1990 volatile organic compound (VOC) emissionsfor on-road gasoline and diesel vehicles (separated by
vehicle type) were obtained from the National Emission Trends Viewer, Version 2.0.5 The VOC estimates were
converted to TOG using VOC/TOG factors obtained in the memorandum from Rich Cook to Anne Pope.” Total
TOG estimates were then apportioned to exhaust and evaporative sources using exhaust fractions derived from this
memorandum.” The exhaust and evaporative TOG estimates were gpplied to appropriate speciation profiles noted in
the following tables. There were no speciation profiles available for acrolein and styrene evaporative emissions;
therefore, neither acrolein nor styrene evaporative emissons were calculated.

Acrolein Speciation Profiles

Source Type Profile Reference
Exhaust for LDGVs + MCsand LDDTs 0.0006 tons Acrolein/ tons TOG 3
Exhaust for HDGV 0.0044 tons Acrolein/ tons TOG 7
Exhaust for diesel vehicles (LDDVs, LDDTs, and HDDVs)* | 0.0035 tons Acrolein/ tonsVOC 6

*The speciation prdfile for HDDVs was used as a surrogate for LDDVs and LDDT s as no sgparate profiles were available for the
latter vehicle types. TheHDDV exhaust fraction is calculated below.

2.14 acrolein weighted tatal (mg/Bhp-hr) / 604.91 (mg/Bhp-hr) VOC weighted total = 0.0035 acrolein VOC fraction

This fraction was multiplied by the 1990 diesel vehicle VOC fraction to obtain the total acrolein emissions from diesel vehicles.

Styrene Speciation Profiles

Source Type Profile Reference
Exhaust for LDGVs + MCsand LDGTs 0.0034 tons Styrend tons TOG 7
Exhaust HDGVs 0.0000 tons Styrene tons TOG 7
Exhaust for diesel vehicles (LDDVs, LDDTs, and HDDVs)* | 0.0021 tons Styrene tonsVOC 6

*The speciation prdfile for HDDVs was used as a surrogate for LDDVs and LDDT s as no sgparate profiles were available for the
latter vehicle types. TheHDDV exhaust fraction is calculated below.

1.27 styrene weighted total (mg/Bhp-hr) / 604.91 (mg/Bhp-hr) VOC weighted total = 0.0021 styrene VOC fraction
Thisfraction was multiplied by the 1990 diesel vehicle VOC fraction to obtain the total styrene emissions from diesel vehicles.

The tota 1990 acrolein and styrene on-road vehicle emissions were calculated by summing the total gasoline
vehicle emissions (excluding HDGVs), HDGVs, and total diesel vehicle emissions. Table 1, below, contains more
detailed calculaions.

The following pollutants were calculated using VMT data. 1990 VMT datawere provided in aU.S. Department of
Transportation document.®

1,3-Butadiene, Acetaldehyde, Benzene, and For maldehyde Estimates

Emission factorsfor 1,3 butadiene, acetaldehyde, benzene, and formal dehyde were taken from the U.S. EPA Office
Mobile Sources’ Motor Vehicle-Related Air Toxics Study (MOBTOX).® These factors were applied to the 1990
VMT data. Thetablebelow contains more detailed calculations.
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1990 Onroad Vehicle 1,3-Butadiene, Acetaldehyde, Benzene, and For maldehyde Emissions

Pollutant 1,3 Butadiene Acetaldehyde | Benzene | Formaldehyde
Fleet EF for all areas (g/mile)? 0.0156 0.0119 0.0882 0.0412
1990 National VMT?® 2.147E+12 2.147E+12 2.147E+12 2.147E+12
National Emission Estimate (tons/yr) [36,919.93 28,163.28 208,739.61 97,506.48

Chromium, Manganese, Mercury, and Nickd Estimates

National estimatesfor chromium, manganese, mercury, and nickel were based on the combined emissions from the
following seven on-road motor vehicle types: light-duty gasoline vehicles (LDGV), light-duty gasoline trucks
(LDGT), heavy-duty gasoline vehicles (HDGV), heavy-duty diesel vehicles (HDDV), light-duty diesel trucks
(LDDT), light-duty diesel vehicles (LDDV), and motorcycles. The estimate for all vehiclestypes except LDGV and
LDGT wastaken from a Rich Cook memorandumto Anne Pope.’

The emission estimate for LDGV and LDGT was calculated using emission factors from a 1997 Society of
Automoative Engineers journal article by James Ball of the Ford Motor Company.® That article provided two sets of
emission factors representing two dif ferent vehicle testing cycles, the Urban Dynamometer Driving Schedule
(UDDS) and the US06 driving cycle. Based on arecommendation from the U.S. EPA’s Office of Mobile Sources,
the emission factors were weighted at 28% for the US06 cycle and 72% for the UDDS cycle to best reflect the range
of actual vehicle operations. The emission factors were based on testing data from two LDGVs; for the purposes of
thisinventory, the factors were also applied to LDGTs since they often have similar engine types to those used in
LDGVs. After calculating the weighted average emission factor for both vehicles, a simple average was taken to
represent al LDGV and LDGT vehicletypes. An emisson estimate was then calculated using the 1990 national
VMT data associated with LDGV and LDGT vehicles. Table 2, below, contains more detailed calculations.

POM as 7-PAH and 16-PAH
POM as 7- and 16-PAH emission etimates were devel oped based on vehicle types for areas with and without

inspection and maintenance programs.

Tota organic gas (TOG) emission factorsfor individua vehicle typesfor areawith and without inspection and
maintenance programs were taken from MOBTOX.® These TOG emission factors were converted to total
hydrocarbon (THC) emission factors by using conversion factors developed by the U.S. EPA Office of Mobile
Sources.t

These THC emission factors were weighted relative to the VM T mix as documented in MOBTOX. The THC
emission factors were speciated to a Benzo(a) pyrene (B(a)P) emission factor based on a memorandum from Rich
Cook to Anne Pope.”

The B(a)P emission factors were speciated to individual PAH species also based on datain an E-mail from Rich
Cook.? Theindividual specieswere summed for the 7- and 16-PAH groups for each vehicletype. These7- and 16-
PAH emission factors were summed for areas with and without inspection and maintenance programs.

The 7- and 16-PAH emission factors were weighted based on the assumption in MOBTOX that 32 percent of fuel
consumed for on-road vehicles occursin areas with no inspection and maintenance programs and the remaining 68
percent of on-road vehicle fuel is consumed in areas with inspection and maintenance prograns.®

These weighted emission factors were gpplied to 1990 Department of Transportation total national VMT datato
estimate 7- and 16-PAH emissions for on-road vehicles. Table 3, below, contains more detailed calcul ations.
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Table 1: 1990 Onroad Vehicle Acrolein and Styrene Emissions

Part 1: Gasoline Vehicle Acrolein Emissions (Excluding HDGVs)

Total Acrolein Total Gasoline Styrene Total Gasoline
. . A Speciation Vehicle Speciation Vehicle
Gasoline Vehicle Gasoline . . . .
LDGV +MC LDGT . Profiled (excluding Profile? (excluding
Type Vehicle .
HDGV) Acrolein HDGV) Styrene
Exhaust . S
Emissions Emissions
VOCs (tons/yr)* 3,946,988 1,621,777 5,568,765
TOG/VOC factors? 1.2160 1.1800
TOG (tons/yr) 4,799,537 1,913,697 6,713,234
Exhaust Fraction? 0.75 0.77
Exhaust TOG (tons/yr)| 3,599,653 1,473,547 5,073,200 0.0006 3,043.92 0.0034 17,248.88
Part 2. HDGV Acrolein Emissions
Total Acrolein Total Styrene Speciation |Total
Gasoline Vehicle Gasoline Speciation HDGV Profile? HDGV
Type HDGV Vehicle Profile2 Acrolein Styrene
Exhaust Emissions Emissions
VOCs (tons/yr)t 431,937 431,937
TOG/VOC factors? 1.0860
TOG (tons/yr) 469,084 469,084
Exhaust Fraction? 0.70
Exhaust TOG (tons/yr) 328,359 328,359 0.0044 1,444.78 0.00 0.00
Part 3: Diesel Vehicle Acrolein Emissions
Acrolein Speciation |Total Styrene Speciation |Total
Profile3 Acrolein Profile3 Styrene
Total Diesel Diesel Diesel
Diesel Vehicle Vehicle Vehicle Vehicle
Type LDDV LDDT HDDV Exhaust Emissions Emissions
VOCs (tons/yn)? 2,650 12,504 296,989 312,143 0.0035 1,092.50 0.0021 655.50
Part 4: 1990 Total Acrolein Emissions
Acrolein |Styrene
Total Gasoline Vehicle
Emissions (excluding
HDGV) 3,043.92 17248.88
Total HDGV
Emissions 1,444.78 0.00
Total Diesel Vehicle
Emissions 1,092.50 655.50
Total 1990
Estimate 5,581.20 17904.38

1:U.S. Environmental Protection Agency. 1998 (June 10, 1998). National Emission Trends Viewer, Version 2.0 (CD-ROM ). Emission Factor and Inventory
Group. Research Triangle Park,NC.

2:Cook,Rich. 1997 (June 11, 1997). Memorandum to Anne Pope, U.S. EP A/Office of Air Quality Planning and Standards, entitled Source Identification
and Base Year 1990 Emission Inventory Guidance for Mo bile Source HAPs onthe OAQPS Listof 40 Priority HAPs."

3:Truex,Dr. Timothy J. and Dr. Joseph M. Norbeck. 1998 (M arch 16, 1998).
California-Riverside, Center for Environmental Research and Technology. Riverside, CA.

Evaluation of Factors That Affect Diesel Exhaust Toxicity. University of
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Table 2: 1990 Onroad Vehicle Chromium, Manganese, Mercury, and Nickel Emissions

Part 1: Calculate HAP Emissions for All Vehicle Types Except LDGV and LDGT

TotalMetric |Total English
HAP HDGV* HDDV* LDDT* LDDV* MC* Tons Tons*
Chromium 0.54 15.24 0.04 0.16 0 15.98 17.61
Manganese 1.09 15.24 0.05 0.24 0 16.62 18.32
M ercury 0.09 4.35 0.02 0.08 0 4.54 5.00
Nickel 0.63 6.53 0.02 0.08 0 7.26 8.00

*1990 national emissions in metric tons/year from June 11, 1997 M emorandum from Rich Cook to Anne Pope.

** Conversion factor of 1.102311 from Josh Madison Conversion Software Home Page. Internet:
http://www.joshmadison.com/software/convert/index.htm. August 17, 1998.

Part 2: Calculate HAP Emissions for LDGVs and LDGTs

Part 2a: Calculate Elemental HAP Emission Factors for LDGVs and LDGTs

1995 Lincoln Mark VIII

1995 M ustang

USO6 Cycle UDDS Cycle |USO6 Cycle UDDS Cycle Combined Average
HAP EF (ug/mile) |EF (ug/mile) |EF (ug/mile) |EF (ug/mile) EF (ug/mile)*
Chromium 0.90 8.50 4.10 3.30 4.95
Manganese 0.80 2.50 1.00 1.40 1.66
Nickel 2.60 6.00 3.60 1.60 3.60

* Combined average represents a weighted average of the US06 and UDDS emission factors for each vehicle (the weighting
being 28%for the US06 factor, and 72%for the UDDS factor) and a subsequent straight average between the two weighted
averages for each pollutant.

Source Part 2a: Ball, James C. “ Emission Rates and Elemental Composition of Particles Collected from 1995 Ford
Vehicles Using the Urban Dynamometer Driving Schedule, the Highway Fuel Economy Test, and the US06 Driving Cycle.”
Society of Automotive Engineers.

Part 2b: Calculate National VMT Associated with LDGVs and LDGTs

1990 National VM T (all vehicle types)* = 2.147E+12
VMT fraction for LDGVs*= 0.655
VMT fraction for LDGTs*= 0.243

1990 National VM T (LDGVs +LDGTSs) =

1.92801E+12

* EPA.1993. Motor Vehicle-Related Air Toxics Study. Office of Mobile Sources. EP A-420-R-93-005

Part 2c: Calculate National Elemental HAP Emissions for LDGVs and LDGTs

Emissions
HAP (tons/year)
Chromium 10.52
Manganese 3.52
Nickel 7.66

Partl Part 2 Total HAP

HAP Emissions Emissions Emissions
(tonslyr) (tonsl/yr) (tons/yr)

Chromium 17.61 10.52 28.13

Manganese 18.32 3.52 21.84

M ercury 5.00 0.00 5.00

Nickel 8.00 7.66 15.66

Part 3: Calculate Total HAP Emissions for All Vehicle Types
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Table 3: 1990 Onroad Vehicle 7-PAH & 16-PAHEmissions

Areas | TOG | THC/ITOG Weighted |B(a)P/THC Speciation Speciation | 16-PAH
w/no | EF [Conversion| THCEF | VMT | THCEF Ratio® |[B(a)P EF| Factor* 7- |7-PAH EF| Factor* 16{ EF
M |(g/mile)| Factors? (g/mile) | mixt | (g/mile) (ug/g) | (ug/mie)| PAH/B(a)P | (ug/mile) | PAH/B(a)P| (ug/mile)

A B C D E F G H | J K
(A*B) (CD) (EF) (G*H) (GJ)
LDGV | 2.39 0.981 2.34 0.655 1.54 0.50 0.768 6.8 5.221 12.3 9.445
LDGT1| 3.19 0.979 3.12 0.161 0.50 0.60 0.302 6.8 2.051 12.2 3.681
LDGT2| 4.65 0.975 4.53 0.082 0.37 0.96 0.357 6.5 2.320 12 4.283
HDGV | 8.68 0.969 8.41 0.031 0.26 1.42 0.370 6.2 2.296 11.8 4.369
LDDV 0.73 0.953 0.70 0.009 0.01 1.12 0.007 15.7 0.110 54.92 0.385
LDDT 1.05 0.953 1.00 0.002 0.00 1.12 0.002 15.7 0.035 54.92 0.123
HDDV | 3.54 0.967 3.42 0.052 0.18 1.12 0.199 15.7 3.130 54.92 10.948
MC 2.65 0.969 2,57 0.008 0.02 1.47 0.030 6.1 0.184 11.8 0.356
Total N/A N/A N/A 1 N/A N/A N/A N/A 15.347 N/A 33.589
Areas
w/ TOG | THC/TOG Weighted |B(a)P/THC Speciation Speciation | 16-PAH

Basic | EF |Conversion| THCEF | VMT | THCEF Ratio® |[B(a)P EF| Factor* 7- |7-PAH EF| Factor* 16{ EF
/M |(g/mile)| Factors? (g/mile) | mixt (g/mile) (ug/g) | (ug/mile)| PAH/B(a)P | (ug/mile) | PAH/B(a)P| (ug/mile)

A B Cc D E F G H | J K

(A*B) (€D) (ER) (GH) (G)
LDGV | 1.83 0.981 1.80 0.655 1.18 0.50 0.588 6.8 3.998 12.3 7.232
LDGT1| 3.19 0.979 3.12 0.161 0.50 0.60 0.302 6.8 2.051 12.2 3.681
LDGT2| 4.65 0.975 4.53 0.082 0.37 0.96 0.357 6.5 2.320 12 4.283
HDGV | 8.68 0.969 8.41 0.031 0.26 142 0.370 6.2 2.296 11.8 4.369
LDDV | 0.73 0.953 0.70 0.009 0.01 112 0.007 15.7 0.110 54.92 0.385
LDDT 1.05 0.953 1.00 0.002 0.00 1.12 0.002 15.7 0.035 54.92 0.123
HDDV | 3.54 0.967 3.42 0.052 0.18 1.12 0.199 15.7 3.130 54.92 10.948
MC 2.65 0.969 2.57 0.008 0.02 1.47 0.030 6.1 0.184 11.8 0.356
Total N/A N/A N/A 1 NA NA N/A NA 14.124 N/A 31.376

1990 National Estimates (tons/year)

Pollutant 7-PAH 16-PAH
Fleet EF for all

areas 14.52 32.085
1990 National

VMT® : 2.147E+12 [2.147E+12
Total 34.35 75.93

*The fleet EF for all areas is a composite w eighting base on percentage of total fuel use ( 32% for areas with no I/M and 68%
for areas with M)

1: U.S. Environmental Protection Agency. 1993 (April). (EPA 420-R-93-005). Motor Vehicle-Related Air Toxics Study
(MOBTOX). Office of Mobile Sources. Ann Arbor, M.

2: Cook, Rich. 1997 (January). E-Mail to Richard Billings, Eastern Research Group, Inc., entitled File of TOG/THC Conversion
Factors. U.S. Environmental Protection Agency, Office of Mobile Sources. Ann Arbor, M.

3: Cook, Rich. 1997 (June 11, 1997). Memorandum to Anne Pope, U.S. EPA/Office of Air Quality Planning and Standards,
entitled Source Identification and Base Year 1990 Emission Inventory Guidance for Mobile Source HAPs on the OAQPS List of
40 Priority HAPs. U.S. Environmental Protection Agency, Office of Mobile Sources. Ann Arbor, M.

4: Cook, Rich. 1997 (March 21, 1997). E-Mail to Richard Billings, Eastern Research Group, Inc., entitled FY | Minor Error in PAH
Estimates. U.S. Environmental Protection Agency, Office of Mobile Sources. Ann Arbor, M.

5: U.S. Department of Transportation. 1990. Highw ay Statistics 1990. FHWA-PL-91-003. Federal Highw ay Administration.
Washington, DC.
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APPENDIX A: NATIONAL ESTIMATES - MON

Methodology:

A 1995 base year estimate of all HAP emissions for facilities with continuous processes that will be subject to the

Miscellaneous Organic NESHAP (MON) was provided by B. Gibbons.

There are approximately 150 facilities with continuous processes that will be covered by the MON. Emissions
(primarily from MON daabase) were spatially alocated according to the county proportion of nationa employment
in SICs 282, 284, 285, 286, 287, 289, and 386. The TRIS database was used to supplement the ESD estimates by
including the SIC code for Explosives. (These supplemented estimates from the TRIS database for SIC Code =
2892, SIC Description = Explosives). Note that TRIS datafor SIC 2895 (Carbon Black Production) were not used

in these estimates.

Some emissions attributed from this source category may a so be included within portions of other source categories
pertaining to manufacturing of various organic chemicals. Though this could result in double counting emissions
from some portions of a source caegory, it is not possible to separate the “MON” components from the non-M ON

components.

Pollutants estimated from thissource category:

1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dimethylhydrazine
1,2,4-Trichlorobenzene
Propylene Dichloride
1,2-Propyleneimine
1,3-Butadiene
1,3-Dichloropropene
1,4-Dichlorobenzene
1,4-Dioxane

24D
2,4-Dinitrophenaol
2,4-Dinitrotoluene
2,4-Toluene Diisocyanate
2-Nitropropane
3,3-Dichlorobenzidine
4,4-Methylenedianiline
4-Nitrophenol
4,6-Dinitro-o-cresol
Acetaldehyde
Acetamide
Acetonitrile

Acrolein

Acrylamide

Acrylic Acid
Acrylonitrile

Allyl Chloride

Aniline

Antimony

Arsenic

Benzene
Benzotrichloride
Benzyl Chloride
Beryllium

Biphenyl
Big(chloromethyl) Ether
Cadmium

Cacium Cyanamide
Captan

Carbaryl

Carbon Disulfide
Carbon Tetrachloride
Carbonyl Sulfide
Catechol

Chlordane

Chlorine
Chloroacetic Acid
Chlorobenzene
Chloroform
Chloromethyl Methyl Ether
Chloroprene
Chromium

Cobalt

Cresols

Cumene

Cyanide

Dibutyl Phthalate
Dichlorethyl Ether
Dichlorvis
Diethanolamine
Diethyl Sulfate
Dimethyl Phthalate
Dimethyl Sulfate
Epichlorohydrin
Ethyl Acrylate
Ethyl Chloride
Ethylbenzene
Ethylene Dibromide
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Ethylene Dichloride
Ethylene Glycol
Ethylene Oxide
Formaldehyde

Glycol Ethers
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Hexachl orocyclopentadiene
Hexachloroethane
Hydrazine
Hydrochloric Acid
Hydrogen Fluoride
Hydroquinone

Lead Compounds
Maleic Anhydride
Manganese

Mercury

Methanol

Methyl Bromide
Methyl Chloride
Methyl Chloroform
Methyl Ethyl Ketone
Methyl lodide

Methyl Isobutyl Ketone
Methyl Isocyanate
Methyl Methacrylate
Methyl t-Butyl Ether
Methylene Chloride
Methylene Diisocyante
Methylhydrazine
N,N-Dimethylaninline
Nickel

Nitrobenzene



APPENDIX A: NATIONAL ESTIMATES - MON

Methodology:

o-Anisidine Quinoline Vinyl Acetate
1,4-Phenylenediamine Quinone Vinyl Bromide
Pentachl oronitrobenzene Selenium Vinyl Chloride
Phenol Styrene Vinylidene Chloride
Phosgene Styrene Oxide Xylenes
Phosphorous Tetrachloroethylene

Phthalic Anhydride Titanium Tetrachloride

Polycyclic Organic Mdter as 16-PAH Toluene

Propionaldehyde Trichloroethylene

Propylene Oxide Trifluralin

References:

Gibbons, B. Alpha-Gammalnc. Memo to R. McDonald, U.S. Environmental Protection Agency, Emission
Standards Division. “ Speciation of HAPs from Facilities Subject to MON.” June 19, 1997.

U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.

A-201



APPENDIX A: NATIONAL ESTIMATES - Municipal Landfills

Subcategory - Landfills (excluding Gas Flares)

Methodology:

Nationa emissions for the HAPs on the following page for M unicipal Solid Waste (MSW) landfills were estimated
using the uncontrolled landfill gas concentrations for individual HAPs listed in the following reference:

U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition and
Supplements, AP-42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1997.

The HAP concentrations provided in the above reference are based on the EPA's Landfill Air Emissions Estimation
model. Inorder to calculate mass emissions for each HAP, atota estimate of landfill gas hasto be calculated. This
calculation was done using the total mass of methane emitted on anational level. A national estimateof methane
(CHa4) generated (9.25E+9 kg/yr) from MSW landfillsin the United States was obtained from the following
reference:

U.S. Environmental Protection Agency. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-1994.
Office of Policy, Planning and Evaluation, Washington, D.C. EPA-230-R-96-006. November 1995.

The methane emissions estimate of 9.25E+9 kg/yr represents the average of the range (7.5 to 11 million metric tons)
reported for U.S. methane emissions from landfillsin 1990, excluding emissions from industrial landfills. Industrial
landfills were excluded because the HAP concentrations provided in AP-42 do not represent industrial landfills.

Using the AP-42 guidance, the national volumetric flow rate of CH4 (m®/yr) was cal cul ated based on the national
mass flow rate of CHa (kg/yr), assuming that the average landfill gas temperature is 25°C. Next, the national
volumetric flow rate of landfill gas (m*/yr) was calculated, based on the national volumetric flow rate of CH4 (m3/yr),
assuming the landfill gas consists of 50 percent CH4 and 50 percent CO: by volume. Landfills are generally
considered uncontrolled sources so no emission reduction controls were assumed in estimating HAP emissions.

Exampl e Calculation for Benzene Emissions:

Using equations provided inthe AP-42 document to determine benzene emissions, the national volumetric emission
rate of benzene (m3/yr) was then calculated based on the national volumetric flow rate of landfill gas (m®/yr),
assuming the benzene concentration in landfill gasis1.91 ppmv (i.e., the benzene emission concentration provided
in the AP-42 document for an MSW landfill with an “unknown” status with regard to co-disposal with hazardous
waste). Similarly, the AP-42 concentrations of other pollutants addressed in thisinventory were used to calculate
their emissions. Finally, the national mass emission rate of benzene (kg/yr) was calculated based on the national
volumetric emission rate of benzene (m/yr), assuming the landfill gastemperatureis25°C.
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APPENDIX A: NATIONAL ESTIMATES - Municipal Landfills

Subcategory - Landfills (excluding Gas Flares)

Methodology:

Municipal Lanfills: Lanfills (excluding Gas Flares)

The emissions in Tables 2 and 4 are estimated using the follow ing calculations:
1. Calculate volumetric emissions (m3) of landfill gas (LFG) from the mass emissions of methane using

PV=nRT, n=mass(kg)/MW, P=1, & 1kg=1000g, then V=(mass*R*T*1,000)/MW

Determine volumetric emissions (m3) of pollutant from the volumetric emissions of LFG and pollutant concentration in LFG by
multiplying pollutant concentration (ppmv) by LFG emission (m3)

Convert pollutant volumetric emissions (m3) to mass emissions (Mg) using

PV=nRT, n=mass(kg)/MW, P=1, & 1kg=1000g, then mass=(V*MW)/(R*T*1,000)

Table 1: Inputs for Table 2

Methane emissions (kg): 9.25E+09

Methane % by Volume of LFG: 55%
CO2 % by Volume of LFG: 40%
LFG temp (C): 25
Methane MW (g/g mole) 16.00
Methane emissions (nF): 1.41E+10

LFG emissions (m?) 2.57E+10

Table 2: Pollutant Mass Emissions from Landfills Based on the Mass Emissions of Methane from Landfills

Pollutant Pollutant mass
Pollutant MW| concentration | Pollutant volumetric | Pollutant mass emission rate

Pollutant: (g/g mole) (ppmv) emission rate (m3) [emission rate (kg): (ton):

1,1,2,2- tetrachloroethane 167.85 1.11 28,528 195,841 216
1,2- dichloropropane 112.98 0.18 4,626 21,376 24
Acrylonitrile 53.06 6.33 162,689 353,045 389
Benzene 78.11 1.91 49,089 156,819 173
Chloroform 119.39 0.03 771 3,765 4
Ethylene dichloride 98.96 0.41 10,538 42,648 47
Tetrachloroethylene 165.83 3.73 95,866 650,176 716
Trichloroethylene 131.40 2.82 72,477 389,496 429
Vinyl Chloride 62.50 7.34 188,647 482,209 531
Vinylidene Chloride 96.94 0.20 5,140 20,379 22

Table 3: Input Values for Methylene Chloride

Methane emissions (kg): 9.25E+09

Methane % by Volume of LFG: 50%
CO2 % by Volume of LFG: 50%
LFG temp (C): 25
Methane MW (g/g mole) 16.00
Methane emissions (m?): 1.41E+10

LFG emissions (m?) 2.83E+10

Table 4: Methylene Chloride Mass Emissions from Landfills Based on the Mass Emissions of Methane

from the Landfill

Pollutant Pollutant mass
Pollutant MW| concentration | Pollutant volumetric | Pollutant mass emission rate
Pollutant: (g/g mole) (ppmv) emission rate (m3) [emission rate (kg): (ton):
Methylene chloride 84.94 14.30 404,280 1,404,430 1,548
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APPENDIX A: NATIONAL ESTIMATES - Municipal Landfills

Subcategory - Landfills: Gas Flares

Methodology:
The Polycyclic Organic Matter as 16-PAH and 7-PAH estimates are from the following reference:

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachl orodibenzo-p-Dioxin (TCDD)/ 2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

Emissionsfrom landfill gas flares were estimated using emission factors from the following reference:

U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database, Version
5.1a. Research Triangle Park, North Carolina. September 1995.

The factors provided in FIRE represent exhaust emissions from waste gas flares using an afterburner device. The
factorsarein unitsof |b of pollutant per MMBtu of heat input for landfill gas. The activity level datawere obtained
from the following report:

U.S. Environmental Protection Agency. Inventory of Greenhouse Gas Emissions and Sinks: 1990-1994.
Officeof Policy, Planning and Evaluation, Washington D.C. EPA-230-R-96-006. November 1995.

Thisreport providesadaily estimate of landfill gas recovery for 1992. In order to estimate 1990 activity levels, the
1992 value wasscaled back using the ratio of methane gas recovered in 1990 to methanegas recovered in 1992
(these values were also provided in the report). The methane gas etimates are directly related to the landfill gas
total estimates since methane represents goproximately 50% of the total gas by volume. After scaling back to the
1990 base year, annual activity was estimated assuming activity for 365 daysyear. The above report estimates that
25% of thetotal landfill gas recovered isflared, so thisfraction was applied to the annual estimate of total landfill
gas recovered. Thelast step wasto convert the estimate of landfill gas flared from units of cubic feet to heat input
using athermal conversion factor of 492.74 Btu per cubic foot of gas. The source of this conversion factor is:

Berenyi, Eileen B. 1991-92 Methane Recovery from Landfill Y earbook, Directory and Guide.
Governmental Advisory Associates, Inc., New York, NY. 1991.
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APPENDIX A: NATIONAL ESTIMATES - Municipal Landfills

Subcategory - Landfills: Gas Flares

Methodology:

Landfills: Gas Flares

all emission factors are from FIRE

all emission factors are in units of Ib/MMBtu

pollutant factor

chlorobenzene 2.75E-06

chloroform 2.57E-06

vinyl chloride 4.17E-06

benzene 7.10E-06

carbon tetrachloride 7.26E-07

methylene chloride 2.14E-04

polychlorinated biphenyls 6.10E-08

tetrachloroethylene 3.48E-06

toluene 1.23E-04

1,1,1-trichloroethane 1.02E-05

trichloroethylene 1.26E-06

xylene, mixed isomers 2.23E-05

|
calculate national activity level:
1992 total landfill gas recovered= 410,823,840| cubic ft./day
1990 methane recovered = 1200 |thousand tonnes
1992 methane recovered= 1440 |thousand tonnes
ratio of 1990 to 1992 methane= 0.833333333
1990 daily landfill gas recovered= 342353200|cubic ft./day

1990 annual landfill gas recovered=

1.24959E+11

cubic ft./year (assume

s 365 days/yr)

1990 total landfill gas flared= 31239729500 cubic ft/yr (assumes 25% of recovered gas)
1.53931E+13|Btu/yr (assumes heating value of 492.74 Btu/cubic ft)
15393064.31 | MMBtu/yr
calculate national emissions:
pollutant Ib/yr tons/yr
chlorobenzene 42.33 0.02
chloroform 39.56017529 0.019780088
vinyl chloride 64.18907819 0.032094539
benzene 109.2907566 0.054645378
carbon tetrachloride 11.17536469 0.005587682
methylene chloride 3300.272989 1.650136494
polychlorinated biphenyls 0.94 4.69E-04
tetrachloroethylene 53.49089849 0.026745449
toluene 1893.35 0.95
1,1,1-trichloroethane 157.01 0.08
trichloroethylene 19.34446392 0.009672232
xylene, mixed isomers 343.27 0.17
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APPENDIX A: NATIONAL ESTIMATES -Municipal Waste Combustors

Methodology:

(MWCs) for 1990 was established. The 8 HAPs estimated were dioxin, mercury, lead, cadmium, hydrogen
chloride, nickel, chromium, and arsenic. These estimates were calculated on a unit basisfor each plant known to be
operating in 1990. These estimates were generated using AP-42 emission factors and a plant list of small and large
MW(Cs that indicated the number of units, combustor type, unit capacity, and air pollution control device.

Thellist of unit names, total plant capacity, number of units, and combustor types was taken from the 1995 MWC
Inventory Database. It was assumed that total plant capacity had not changed since 1990; however, thislist was
updated for small plants based on data provided by EPA/ESD. Any MWC in the inventory that was not covered in
the large or small caegories, i.e., unit capacity was less than 35 tons per day, was not included in this 1990 baseline
emissions estimate. Air pollution control devices operaing in 1990 were listed for each MWC in information
provided by ESD (Reference 1).

National emission estimates were developed for each plant by multiplying an appropriate emission factor by an
activity factor. Emission factorsfor many of the combustor type-air pollution control device (APCD) combinations
ligedin theinventory arefound in AP-42, Section 2.1 (1993). For those combustor type-APCD combinations not
covered in AP-42, default emission factors were assigned. These default emission factors are consistent with those
published in the memo from Chad L eatherwood, ERG, to Julie Andresen, EPA (Reference 2). These emission
factors were presented to the ESD contact for the Municipal Waste Combustor MACT in a memorandum from
Eastern Research Group, Inc. (Reference 3).

The activity factors were calculated by multiplying the total plant capacity by avolumetric flow factor and a
capacity factor. The volumetric flow factor is a standard conversion factor used to determine exhaust flow rates
based on heat input. The capacity factor represents the fraction of annual operational time that a plant has operated.
All emission esimates were based on pollutant concentrations corrected to 7 percent oxygen.

Emission factors for formaldehyde, polycyclic organic matter (POM) as 16-PAH, and manganese for municipal
waste combustors (MWCs) were assumed to be the same as thosefor medica waste incinerators (MWIs), aswas
recommended by EPA (Reference 4). These emission factors were given in units of pound of pollutant per ton of
waste. These emission factors were multiplied by total plant capacity, in units of ton per day, for each facility ona
list of MWCs operating in the United Statesin 1990. This number was then adjusted for a unitless capacity factor,
which represents the percentage of the total plant capacity that aplant is actually operating. These results were then
converted to be reported in units of ton of pollutant per year. Emissonsfrom each plant were then summed to
produce anational emissions estimate. Datafor plant capacity and the capacity factor were availablein a
memorandum from Chad L eatherwood, Eastern Research Group, Inc., to Julie Andresen, EPA (1997).

Example Calculation:

(0.0016 Ib formaldehyde/ton waste) * (2250 ton waste burned/day) * (0.91 capacity factor) *
(365 day/yr) * (0.0005 ton/lb) = 0.59787 ton formal dehyde/yr

The POM as EOM estimate was reported in the 112(c)(6) report (Reference 5).

(References on following page.)
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APPENDIX A: NATIONAL ESTIMATES -Municipal Waste Combustors

Methodology:
References:

1.

“Stetus of Air Pollution Control Devices on Municipal Waste Combustor Units.” Information provided to
Eastern Research Group, Inc. from Walt Stevenson, EPA/ESD. July 19,1998.

L eatherwood, Chad, ERG, to dulie Andresen, EPA. Memorandum *“Inventory and Emission Estimatesfor
1M9%r%| cipal Waste Combustor Units Covered by Proposed Federal Section 111 {d)/129 Plan.” December 23,

“1990 Municipal Waste Combustor National Emission Inventory”. Memorandum from Eastern Research
Group, Inc., to Walt Stevenson, EPA/ESD. July 14, 1998.

Porter, Fred, U.S. Environmental Protection Agency, Emissons Standards Division. Noteto Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Municipa Waste Combustor
information in the “Baseline Emission Inventory of HAP Emissions from MACT Sources-Interim Final
Report,” September 18, 1998. November 13, 1998.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Aldylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

A-207



APPENDIX A: NATIONAL ESTIMATES -Municipal Waste Combustors

Methodology:

State

CT Total
MA Total
ME Total
NH Total
AK

AK

ID Total
OR

OR

WA

WA

NJ Total
NY

NY

MD

MD

PA Total
VA

VA

FL

FL

GA Total
MS Total
NC Total
SC

SC

TN Total
IL Total
IN Total
MI Total
MN

MN

OH Total
Wi

Wi

OK

OK

TX Total
MT Total
UT Total
CA Total
HI Total
Grand Total

6045 0.91
10760 0.91
2150 0.91
832/ 0.91
70 0.74
50 0.91
50 0.74
125/0.74
550 0.91
478 0.91
100 0.74
3252/0.91
8973 0.91
400 0.74
3750/ 0.91
360/0.74
2064 0.91
6275 0.91
50 0.74
11960 0.91
60 0.74
500/0.91
150/0.91
684 0.91
600 0.91
270/0.74
1250/0.91
1600/0.91
2362 0.91
5225 0.91
4334/0.91
288/0.74
1500/0.91
100/0.74
400 0.91
105 0.74
1125/0.91
195 0.74
72/0.74
400 0.91
2560 0.91
2160 0.91

1.61E+00
2.86E+00
5.71E-01
2.21E-01
1.51E-02
1.33E-02
1.08E-02
2.70E-02
1.46E-01
127601
2.16E-02
8.64E-01
2.38E+00
8.64E-02
9.96E-01
7.78E-02
5.48E-01
1.67E+00
1.08E-02
3.18E+00
1.30E-02
1.33E-01
3.99E-02
1.82E-01
1.59E-01
5.83E-02
3.32E-01
4.25E-01
6.28E-01
1.39E+00
1.15E+00
6.22E-02
3.99E-01
2.16E-02
1.06E-01
2.27E-02
2.99E-01
4.21E-02
1.56E-02
1.06E-01
6.80E-01
5.74E-01
2.23E+01
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Total Plant Capacity Capacity Factor Formaldehyde(TPY) |POM(TPY)

9.04E-01
1.61E+00
3.21E-01
1.24E-01
8.51E-03
7.47E-03
6.08E-03
1.52E-02
8.22E-02
7.14E-02
1.22E-02
4.86E-01
1.34E+00
4.86E-02
5.61E-01
4.38E-02
3.09E-01
9.38E-01
6.08E-03
1.79E+00
7.29E-03
7.47E-02
2.24E-02
1.02E-01
8.97E-02
3.28E-02
1.87E-01
2.39E-01
3.53E-01
7.81E-01
6.48E-01
3.50E-02
2.24E-01
1.22E-02
5.98E-02
1.28E-02
1.68E-01
2.37E-02
8.75E-03
5.98E-02
3.83E-01
3.23E-01
1.25E+01

Mn(TPY)

6.02E-01
1.07E+00
2.14E-01
8.29E-02
5.67E-03
4.98E-03
4.05E-03
1.01E-02
5.48E-02
4.76E-02
8.10E-03
3.24E-01
8.94E-01
3.24E-02
3.74E-01
2.92E-02
2.06E-01
6.25E-01
4.05E-03
1.19E+00
4.86E-03
4.98E-02
1.49E-02
6.82E-02
5.98E-02
2.19E-02
1.25E-01
1.59E-01
2.35E-01
5.21E-01
4.32E-01
2.33E-02
1.49E-01
8.10E-03
3.99E-02
8.51E-03
1.12E-01
1.58E-02
5.83E-03
3.99E-02
2.55E-01
2.15E-01
8.35E+00



APPENDIX A: NATIONAL ESTIMATES - Naphthalene: Miscellaneous Uses

Methodology:

Approach: An emission factor from the 1990 Emissions Inventory of Section 112(c)(6) Pollutants, June 1997, was
multiplied by the estimated amount of naphthal ene consumed annually for miscellaneous uses. The amount of
naphthal ene consumed in 1990 for miscellaneous uses was reported in Chemical Products Synopsis - Naphthal ene,
February 1991 to be 3 percent of the total production (245 million pounds), or 7.35 million pounds.

Miscellaneous uses of naphthal ene were not defined, so no facilities could be identified. Spatial allocation of the
emissions estimates for miscellaneous uses of naphthalene was based on the county proportion of national
employment in SIC 2819, asfollows:

County Emissions = County SIC Employment / National SIC Employment x National Emissions

Data Qudifiers:
The 16-PAH emission factor was developed from individual PAH emission factors for miscellaneous uses of
naphthalene. The 16-PAH factor only includes naphthalene.

Emissions Estimate:
0.34 Ib 16-PAH / 1000 Ib naphthal ene consumed for miscellaneous use x (7.35 million pounds ngphthalene) =
2499 Ibs 16-PAH x ( 1ton/ 2000 Ibs) = 1.25 tons 16-PAH / year from miscellaneous uses of naphthalene

References:

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic Organic Matter
(POM); 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD) / 2,3,7,8- Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs); Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

Mannsville Chemica Products Corporation. Chemical Products Synopsis - Naphthalene. February, 1991.
1990 Directory of Chemical Producers. SRI International. Menlo Park, CA. p. 805.
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APPENDIX A: NATIONAL ESTIMATES - Natural Gas Transmissions and Storage

Methodology:
Natural Gas Transmission and Storage

The estimate for Benzene emissions for this source category is 345 tons per year*. This estimatewas provided by
Greg Nizich (EPA/OAQPS).

* Note that this estimateis for urban areasonly.

References

1. Nizich, G., U.S. Environmental Protection Agency, Emission Standards Division. Note to B. Driscoll, U.S.
EPA. “Commentson MACT inventory.” November 3, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Nutritional Yeast Manufacturing

Methodology:
Emissionsfrom Nutritional Yeast Manufacturing

The estimated nationwide baseline emissions of acetaldehyde were calculated to be approximately 254 tons per
year. Thisis documented in the memorandum “Nationwide Baseline Emissions of Acetaldehyde in the Nutritional
Yeast Manufacturing”, dated August 8, 1998. There are ten nutritional yeast manufacturing facilities operating in
the U.S., not thirteen asindicated in the PMACT Technical Support Document (September 30, 1994). The esimate
of 254 tons per year represents the modeled emissions from all ten of the facilities.

References:

J. Miller, El, Inc. to Friedman, EC/R, Inc. Memorandum: Baker's Yeast Manufacturing NESHAP Project:
Nationwide Baseline Emissions. August 6, 1998. (Item 11-B-27 in Docket A-97-13).
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APPENDIX A: NATIONAL ESTIMATES - Oil and Natural Gas Production

Methodology:

George Viconovic, EC/R, contacted Richard Billings, ERG, on behalf of Martha Smith, EPA/ESD, with the benzene
estimate (18,200 tons/yr) for this source category. This estimate was derived from the MACT study of this
category.

Five non-112(k) HAP estimates were provided by Martha Smith, U.S. EPA/ESD to Richard Billings, ERG. The
non-112(k) HAPsinclude:

2,2,4-Trimethylpentane
Ethylbenzene

Hexane

Toluene

Xylene

References

Smith, M. U.S. Environmental Protection Agency, Emission Standards Division. E-mail to Richard Billings, ERG.
“HAP emissions from O&G [Oil & Gas] production.” September 12, 1997.

Viconovic, G. EC/R. Telecomwith R. Billings, ERG. “Benzene Estimate for Glycol Dehydration Units.” 8 July
1997.
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APPENDIX A: NATIONAL ESTIMATES -Open Burning: Forest and Wildfires

Methodology:
Open Burning: Forest and Wildfires

The estimatesfor 1,3-Butadiene, Benzene, and Formal dehyde come directly from the Section 112(k) report (U.S.
EPA, 1996).

Dioxin/Furans, Polycyclic Organic Matter as 7-PAH, and Polycyclic Organic Matter as 16-PAH

The estimatesfor Dioxins/Furans, Polycyclic Organic Matter as 7-PAH, and Polycyclic Organic Matter as 16-PAH
are derived from the Open Burning estimates found in the Section 112(c)(6) (EPA, 1997). For the purpose of this
report the estimates are divided between Wildfires/Forest fires and Prescribed burnings using activity datafrom the
Section 112(k) (U.S. EPA, 1996).

Acetaldehyde and Acrolein
A cetaldehyde and Acrolein emission factors from Ward et al. (1997) were applied to the activity level reported in
the Section 112(K) report (U.S. EPA, 1996).

References

U.S. Environmental Protection Agency. National Urban Area Source Emissions of Benzene, 1,3-Butadiene,
Formaldehyde, Trichloroethylene, Perchloroethylene, Methylene Chloride, and Carbon Tetrachloride. Final Report.
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U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

Ward, D., Peterson, J., and Hao, W. An Inventory of Particulate Matter and Air Toxic Emissions from Prescribed

Firesinthe U.S. For 1989. U.S. Forest Service. Missoula, Montana, and the Wood Chemistry Laboratory, school of
Forestry, University of Montana, Missoula, Montana. 1993.
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APPENDIX A: NATIONAL ESTIMATES -Open Burning: Forest and Wildfires

Methodology:

Activity data: 53000000 tons biomass

Emission Factor:

Acetaldehyde | Acetaldehyde Acrolein Acrolein
Emission factor | Emission factor | Emission factor | Emission factor
Fuel model (g/kg biomass) | (Ib/ton biomass)| (g/kg biomass) | (Ib/ton biomass)
1 0.24 0.48 0.23 0.46
2 0.92 1.84 0.69 1.38
3 0.11 0.22 0.15 0.3
4 0.92 1.84 0.69 1.38
5 0.28 0.56 0.26 0.52
6 0.53 1.06 0.43 0.86
7 0.24 0.48 0.23 0.46
8 0.92 1.84 0.69 1.38
average 0.52 1.04 0.42125 0.8425
National Estimate = Activity Data * Average Emission Factor
Average National
Activity Data | Emission Factor | National Estimate Estimate
HAP (ton) (Ib/ton) (Iblyr) (tons/yr)
Acetaldehyde 53000000 1.04 55120000 27560
Acrolein 53000000 0.8425 44652500 22326.25
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APPENDIX A: NATIONAL ESTIMATES -Open Burning: Forest and Wildfires

Methodology:

Activity data: 5.30E+07 tons biomass Wildfires
9.50E+07 tons biomass Wildfires and Prescribed Burning

Estimation Method for Dioxins/Furans, Polycyclic Organic Matter as 7-PAH, and Polycyclic Organic Matter as 16-PAH:

Emission estimates for forest/w ld fires and prescribed burning are proportional to their respected

activity because the emission factors for prescribed burning and forest/w ild fires are assumed to

be equal. A Wildfire factor will be used to develop emissions for Dioxins/Furans, Polycyclic Organic Matter as 7-PAH,
and Poalycyclic Organic Matter as 16-PAH

Wildfire Factor = 5.30E+07  (tons wild forest biomass)/ 9.50E+07 (tons biomass burned)
Wildfire Factor = 0.5579

National Estimate:

Total Open

Burning (Wildfire Forest and

and Prescribed Wildfire

Burning) Estimate | Wildfire [ Estimate

Pollutant (tpy) Factor (tpy)

Dioxins/Furans 9.50E-05 0.5579 | 5.300E-05
Polycyclic Organic Matter as 7-PAH 964 0.5579 | 5.378E+02
Polycyclic Organic Matter as 16-PAH 2540 0.5579 | 1.417E+03
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APPENDIX A: NATIONAL ESTIMATES -Open Burning: Prescribed Burnings

Methodology:
Open Burning: Prescribed Burnings

The estimatesfor 1,3-Butadiene, Benzene, and Formal dehyde come directly from the Section 112(k) report (U.S.
EPA, 1996).

Dioxin/Furans, Polycyclic Organic Matter as 7-PAH, and Polycyclic Organic Matter as 16-PAH

The estimatesfor Dioxins/Furans, Polycyclic Organic Matter as 7-PAH, and Polycyclic Organic Matter as 16-PAH
are derived from the Open Burning estimates found in the Section 112(c)(6) (EPA, 1997). For the purpose of this
report the estimates are divided between Wildfires/Forest fires and Prescribed burnings using activity datafrom the
Section 112(k) (U.S. EPA, 1996).

Acetaldehyde and Acrolein
A cetaldehyde and Acrolein emission factors from Ward et al. (1997) were applied to the activity level reported in
the Section 112(K) report (U.S. EPA, 1996).

References

U.S. Environmental Protection Agency. National Urban Area Source Emissions of Benzene, 1,3-Butadiene,
Formaldehyde, Trichloroethylene, Perchloroethylene, Methylene Chloride, and Carbon Tetrachloride. Final Report.
Research Triangle Park, North Carolina. March 1996.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

Ward, D., Peterson, J., and Hao, W. An Inventory of Particulate Matter and Air Toxic Emissions from Prescribed

Firesinthe U.S. For 1989. U.S. Forest Service. Missoula, Montana, and the Wood Chemistry Laboratory, school of
Forestry, University of Montana, Missoula, Montana. 1993.

A-216



APPENDIX A: NATIONAL ESTIMATES -Open Burning: Prescribed Burnings

Methodology:

Activity data: 42000000 tons biomass

Emission Factor:

Acetaldehyde | Acetaldehyde Acrolein Acrolein
Emission factor | Emission factor | Emission factor | Emission factor
Fuel model (g/kg biomass) | (Ib/ton biomass)| (g/kg biomass) | (Ib/ton biomass)
1 0.24 0.48 0.23 0.46
2 0.92 1.84 0.69 1.38
3 0.11 0.22 0.15 0.3
4 0.92 1.84 0.69 1.38
5 0.28 0.56 0.26 0.52
6 0.53 1.06 0.43 0.86
7 0.24 0.48 0.23 0.46
8 0.92 1.84 0.69 1.38
average 0.52 1.04 0.42125 0.8425
National Estimate = Activity Data * Average Emission Factor
Average National
Activity Data | Emission Factor | National Estimate Estimate
HAP (ton) (Ib/ton) (Iblyr) (tons/yr)
Acetaldehyde 42000000 1.04 43680000 21840
Acrolein 42000000 0.8425 35385000 17692.5
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APPENDIX A: NATIONAL ESTIMATES -Open Burning: Prescribed Burnings

Methodology:

Activity data: 4.20E+07 |tons biomass Prescribed Burning
9.50E+07 tons biomass Wildfires and Prescribed Burning

Estimation Method for Dioxins/Furans, Polycyclic Organic Matter as 7-PAH, and Polycyclic Organic Matter as 16-PAH:

Emission estimates for forest/w ld fires and prescribed burning are proportional to their respected

activity because the emission factors for prescribed burning and forest/w ild fires are assumed to

be equal. A Prescribed Burning factor will be used to develop emissions for Dioxins/Furans, Polycyclic Organic Matter as 7-PAH,
and Polycyclic Organic Matter as 16-PAH

Prescribed Burning Factor = 4.20E+07 | (tons biomass prescribed burning)/| 9.50E+07 | (tons biomass burned)
Prescribed Burning Factor = 0.4421

National Estimate:

Total Open

Burning (Wildfire Prescribed

and Prescribed Burning

Burning) Estimate Estimate

Pollutant (tpy) Wildfire Factor (tpy)

Dioxins/Furans 9.50E-05 0.4421 4.200E-05
Polycyclic Organic Matter as 7-PAH 964 0.4421 4.262E+02
Polycyclic Organic Matter as 16-PAH 2540 0.4421 1.123E+03
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APPENDIX A: NATIONAL ESTIMATES -Open Burning: Scrap Tires

Methodology:
EMISSIONS FROM OPEN BURNING OF SCRAP TIRES

Approach:

Nationa emissionswere estimated by multiplying emission factorsfor nickel, lead, arsenic, chromium, styrene,
7-PAH and 16-PAH by the number of scrap tires that burn in open piles each year. These are screp tire piles a
recycling facilities and in legal and illegal dumps that accidentally catch fire, and should be distinguished from tires
that are combusted in waste-to-energy facilities or in conventional combustion devices as a supplemental fuel.

The emission factors for the metals and styrenewere obtained from AP-42 (U.S. EPA,1995). The emission factors
for 7-PAH and 16-PAH were taken from the Section 112(c)(6) report (U.S. EPA, 1997). The average number of
tires that burn openly each year was estimated with advice from Dr. Jonathan Barnett, Center for Fire Safety
Studies, WPI (Barnett, 1997).

References:

U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-42,
Volumel: Sationary Point and Area Sources. Research Triangle Park, North Carolina. 1995.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.

Barnett, Jonathan. Center for Fire Safety Studies, Worcester Polytechnic Institute, Worcester, MA. Personal
communication with Eugene Paik, ERG. July 22, 1997. Estimating average number of scrap tirefiresannually in
theU.S.

Activity: 7.50E+06 tires burned/year
20 Ibttire Ib chunk tires burned/year
150,000,000 Ib shredded tires burned/year

75,000 tons tires burned/year
Emission Factors(Ib pollutant/ton tires burned) Emissions Emissions
Pallutant Chunk Shredded Average (tonspollutant/yr) | (Ib pollutant/yr)
Ni 4.74E-03 2.15E-03 3.45E-03 0.13 258
Pb 6.70E-04 2.00E-04 4.35E-04 0.016 33
As 1.00E-04 4.00E-04 2.50E-04 0.0094 19
Cr 3.94E-03 343E-03 3.69E-03 014 276
Styrene 1.24E+00 1.30E+00 1.27E+00 048 95,250
7-PAH 1.40E+00 525 589,000
16-PAH 7.85E+00 294 105,000
Example Calculation:
Estimate: (75,000 tonstire burned/yr)* (3.45E-3 Ib Nickel/ton tire burned) = 1.3E-01 ton Nickel/yr

258 |b Nickel/yr
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APPENDIX A: NATIONAL ESTIMATES -Other Cadmium Compound Production

Methodology:

Approach:

1990 estimate of emissions from manufacturing of cadmium compounds are fromthe document “Locating and
Estimating Air Emissions From Sources of Cadmium and Cadmium Compounds’, July 1995.  Thisdocument
includes emissions estimatesfor thefollowing: cadmium refining & cadmium oxide production, cadmium
stabilizers production, use of cadmium stabilizersfor plastics, other cadmium compound production, and cadmium
electroplating. Individual tablesintheL & E identify, by process, each company and location reporting cadmium
emissions in the 1990 Toxic Chemicals Release Inventory (TRI). Spatial allocation of the estimates was based on
the location of thefacilitiesidentified on Table4-12in theL & E.

References:

U.S. Environmenta Protection Agency. Locating and Estimating Air Emissions From Sources of Cadmium and
Cadmium Compounds. Sections4 and 5. Fromthe: Air CHIEF CD-ROM, Version 4.0. EPA-454/C-95-001.
Research Triangle Park, North Carolina. July 1995.
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APPENDIX A: NATIONAL ESTIMATES -Other Cadmium Compound Production

Methodology:

Cadmium |Cadmium | State County

Facility Facility Emissions Emissions [FIP |FP

Name Location (Iblyr) (ton/yr) Code Code

American Microtrace Corp Fairbury, NE 5 0.0025 31 095

CP Chemicals Inc Sumter, SC 0 045 085

Hall Chemical Co Arab, AL 0 001 095

Shepherd Chemical Co Cincinnati, OH 0 039 061

1990 Annual Emission Estimate = 0.0025 tons cadmium compounds from manufacture of inorganic compounds
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APPENDIX A: NATIONAL ESTIMATES -Petroleum Refineries: Catalytic Cracking (Fluid and other) Units,
Catalytic Reforming Units, and Sulfur Plant Units

Methodology:
The Polycyclic Organic Matter as 16-PAH estimate was provided in the 112(c)(6) report (USEPA, 1997).5

For the remaining HAPS, 1996 Facility specific estimates were provided by R. Lucas, EPA/OAQPS.? These 1996
estimates were adjusted for 1990 based on theratio of 1990 refinery activity to 1996 refinery activity.34

Using this approach, the following HAPs were estimated:

1,3-Butadiene* Cyanide (includes HCN)*
A cetaldehyde* Formal dehyde*
Antimony* Hydrogen Chloride
Arsenic Lead

Benzene* Manganese
Beryllium* Mercury
Cadmium Nickel

Carbon Disulfide Phenol*

Carbonyl Sulfide Selenium

Chlorine Toluene*
Chromium Xylene*

Cobalt

* Revised estimates provided by R. Lucas, EPA/OAQPS in memo to Greg Nizich (EPA/OAQPS).!
References:

1. Lucss, R, U.S. Environmental Protection Agency, Emission Standards Division. “Review of Baseline Emission
Inventory” memo to Greg Nizich, U.S. EPA/ Emissions Standards Division. October 16, 1998.

2. Lucas, R., U.S. Environmenta Protection Agency. “Facility Information Database (Request for Datafrom
BarbaraDriscol).” Research Triangle Park, North Carolina. June 1998.

3. Oil and Gas Journal. “1996 Worldwide Refining Survey.” December 23, 1996.

4. Oil and Gas Journal. “Forecast and Review.” January 27, 1997.

5. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic
Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF),

Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report.
Research Triangle Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Petroleum Refineries: Other Sources Not Distinctly Listed

Methodology:

A summary report fromJ. F. Durham EPA/OAQPS to Barbara Driscoll provided emission estimates used in the
1995 Petroleum Refinery MACT ruleand documented 1990 HAP emissions:

Pollutant Malyr
Benzene 5700
2, 2, 4-Trimethylpentane 21,400
Biphenyl 36
Cresols 440
Cumene 1,120
Ethylbenzene 2,900
Hexane 22,500
MTBE 3,000
Naphthalene 710
Phenol 180
Styrene 1,400
Toluene 13,300
Xylene 11,300

Tonlyr
6,283
23,589
40
485
1,235
3,197
24,802
3,307
783
194
1,543
14,661
12,456

Note this estimate does not include catal ytic regeneration units from fluid catalytic cracking units, catalytic

reformers and tail gas vents from sulfur recovery plants.

Reference

Summeary report from J.F. Durhamto Barbara Driscoll, U.S. EPA/OAQPS, 112(k) Inventory-Petroleum Refineries,

June 18, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Pharmaceuticals Production

Methodology:
Estimation Approach:

Estimates of emissions from pharmaceutical production are from the “Basis and Purpose Document -
Pharmaceutical Production NESHAP”, June 1997. This report summarizes 1992 national emissions data for
numerous hazardous air pollutants (HAPs) listed on the following page. The estimates were based on Section 114
guestionnaire responses from 165 facilities producing one or more pharmaceutical products.

The 1992 estimates were not back-cal culated to represent 1990 emissions because the activity data necessary to do
this (production and waste water flow data) were not available.

Tables 5-2 through 5-4 in the Basis and Purpose Document present uncontrolled and baseline emissions data for
each pollutant by facility source. The baseline emissions data are summarized below for those HAPs applicable to
thisinventory.

The estimate for hydrazine from wastewater was revised by the EPA after the original estimate was published in the
Basis and Purpose document (McDonald, 1999). Thisrevision was based on the combination of onsite bictreatment
and a change to the Henry’ s Law Constant for hydrazine used in the Water8 model.

Data Qualifiers:

The Basis and Purpose Document estimates uncontrolled and baseline emissions from equipment leaks to be 3000
Mgl/year. The dataare not speciated in the report so it is assumed for this inventory that emissions from equipment
leaks are composed of the same HAPs, and with the same concentration ratio for each HAP as from process vents.
Methylene chloride is excluded fromthis cal culation because the baseline estimate for equipment leak emissions
exempted processes that contained methylene chloride and carbon tetrachl oride because these HAPs are covered
under Subpart | of the Hazardous Organic NESHAP (HON).

This source category includes those processes with standard industrial classification (SIC) code 283.

SIC Code SIC Description

2830 Drugs

2831 Biologica Products

2833 Medicinals and Botanicals

2834 Pharmaceutical Preparations

2835 Diagnostic Substances

2836 Biological Production Excluding Diagnostics

The emissions for all pollutantsfor SIC Codes 2830 and 2831 are fromthe TRI daabase. The emission rates
applied for SIC Codes 2833, 2834, 2835, and 2836 are from the “Basis and Purpose Document”. Any additional
pollutants reported to TRI for these four SIC Codes were included.

References:

U. S. Environmental Protection Agency. Basisand Purpose Document - Pharmaceutical Production NESHAP.
Research Triangle Park, North Carolina.  January 1997. Document downloaded from Air CHIEF CD-ROM,
June 10, 1997.

R. McDonald, U.S. EPA. Comments regarding hydrazine emissions from pharmaceutical production wastewater.
February 11, 1999.

U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data). EPA 749-C-
97-003. Research Triangle Park, North Carolina. August 1997.

A-224



APPENDIX A: NATIONAL ESTIMATES - Pharmaceuticals Production

Methodology:

Process Storage | Equipment Waste
Vent Tank Leak Water Total Total

Emissions = Emissions Emissions *| Emissions = Emissions | Emissions

(Ib/year) | (Ib/year) = (Ib/year) (Ib/year) | (Ib/year) | (ton/year)
Methanol 4,200,105 = 128,185 @ 3,167,913 29,136,677 36,632,880 18,316.4
N,N-dimethylformamide (and dimethylformamide) 1,112,153 838,837 | 4,571,456 6,522,446 | 3,261.2
Toluene 936,502 35,216 706,353 | 3,632,402 5,310,473 | 2,655.2
Hydrochloric acid 312,489 46,163 235,694 594,346 297.2
4-Methyl-2-pentanone (MIBK) 758,045 571,752 13,900 | 1,343,697 671.8
Hexane (and n-hexane) 332,341 29,201 250,667 | 1,838,778 | 2,450,987 | 1,225.5
Acetonitrile 136,594 103,025 926,804 | 1,166,423 583.2
Xylenes 724,196 724,196 362.1
Triethylamine 42,976 32,414 600,080 = 675,470 337.7
2-Butanone (MEK) 139,567 105,268 12,868 257,703 128.9
Carbon Disulfide 18,105 13,656 40,392 72,153 36.1
Methyl Chloroform 85,933 64,815 150,748 75.4
Chlorine 5,052 3,810 8,862 4.4
Phenol 357,533 357,533 178.8
Acetophenone 353,492 353,492 176.7
Chloroacetic acid 57,790 57,790 28.9
Ethylene glycol 45,545 45,545 22.8
Diethylaniline 38,311 38,311 19.2
Aniline 36,400 36,400 18.2
Epichlorohydrine 33,493 33,493 16.7
Chlorobenzene 10,959 10,959 5.5
Vinyl acetate 9,029 9,029 4.5
Chloromethyl methyl ether 4,600 4,600 2.3
lodomethane (methy| iodide) 540 540 0.3
Methylene Chloride (dichloromethane) 7,787,829 | 496,917 0 8,076,206 /16,360,952 8,180.5
Chloroform 234,990 177,240 402,025 814,255 407.1
Methyl chloride 264,194 199,267 194,604 658,065 329.0
Ethylene oxide 21,114 15,925 900 37,939 19.0
Trichloroethylene 150,300 113,363 263,663 131.8
Formaldehyde 702,230 702,230 351.1
1,2-Dichloroethane 482,499 482,499 241.2
Hydrazine 140 140 0.07
Benzene 1,700 1,700 0.9
1,2-Dibromoethane 100 100 0.1
Total emissions by process 16,538,289 735,682 @ 6,600,000 52,305,649 76,179,620 28,429.0
* EXAMPLE CALCULATION for Speciating Equipment Leak Emissions
4,200,105 Ibs Methanol from process vents / (16,538,289 Ibs total HAPs - 7,787,829 Ibs MeCI2)
= 0.48 Ib methanol / Ib total HAPs excluding Methylene Chloride
0.48 x 3000 Mg total HAPs / year x (2200 Ibs / Mg) = 3,167,913 Ibs / year Methanol from equipment leaks
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APPENDIX A: NATIONAL ESTIMATES -Phthalic Anhydride Production

Methodology:
The estimate comes directly from the 112(c)(6) report (1997).

The “Chemica Products Synopsis - Phthalic Anhydride”, October 1990, reports that only one facility was using
naphthalene to produce phthalic anhydride:
Koppers Industry, Cicero, IL
State FIP Code: 17
County FIP Code: 031.
Hence, dl emissions of naphthalene for this source category are allocated to that one facility.

Data Qudifiers:
The 16-PAH emission factor was developed from individual PAH emission factorsfor storage and transfer of
naphthalene used in the production of phthalic anhydride. The 16-PAH factor only includes naphthal ene.

References:

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic Organic Matter
(POM); 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD) / 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs); Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997. pp. B-76.

Mannsville Chemica Products Corporation. Chemical Products Synopsis - Phthalic Anhydride. October, 1990.
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APPENDIX A: NATIONAL ESTIMATES -Plastic Parts and Products (Surface Coating)

Methodology:

Emissions data for Plastic Parts and Products Surface Coating (PPP) source category were obtained from the Toxic
Release Inventory (TRI):.  Facilities reporting under the following SIC codes were used: 3086, 3089, 3537, 3571,
3573, 3577, 3578, 3579, 3643, 3647, 3711, 3713, 3714, 3715, 3716, 3751, 3799, 3821, 3931, 3942, 3944, 3949,
3961, 39932

The Reinforced Plastic Composites (RPC) source category overlaps the source category Surface Coating of Plastic
Parts and Products for several SIC Codes: 3089, 3647, 3711, 3713, 3714, 3715, 3716, 3799, 3821, 3949, and 3993.
To prevent double counting, emissionsfor pollutants that were thought to be related to coating operations were
allocated to the Plastic Parts and Products source category®. This list of coating related pollutantsis asfollows:

Benzene Methanol Polycyclic Organic Matter as 16-PAH
Ethylbenzene Methyl Chloroform Toluene

Ethylene Glycol Methyl Ethyl Ketone Trichloroethylene

Formaldehyde Methyl Isobutyl Ketone Xylene

Glycol Ethers Methylene Chloride

Because the Plastic Parts and Products Surface Coating source category addresses coating processes, any styrene
and methyl methacrylate emissions reported for the overlapping SIC Codes were assumed to be related to

fiberglassing operations and were allocaed to the RPC source category?.

References

1. U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995. CD-ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.

2. U.S. Environmental Protection Agency. Preliminary Industry Characterization: Surface Coating of Plastic
Parts and Products. Research Triangle Park, North Carolina. September 1998.

3. Email from M. Strum, U.S. EPA/ESD, to Susan Buchanan, ERG. Questions onthe MACT basdline
inventory comments-Reply. December 4, 1998.
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APPENDIX A: NATIONAL ESTIMATES -Polycarbonates Production

Methodology:
Summary of Emission Estimation Method for Polycarbonates Production

A 1993 base year estimate for polycarbonates production was provided by U.S. EPA/ESD. There were 5 facilities
producing polycarbonate resins, which collectively emitted 9.9 tons of ethyl chloride and 20.7 tons of methylene
chloride (Morris, 1998). No other hazardous air pollutants were emitted in quantifiable amounts.

Ethyl Methylene

Chloride Chloride State  County
Facility Location Emissions Emissions EFIP_  FEP
Mobay Corp. (Bayer) Baytown, TX  nodata 4.0 tpy 48 201
GE Pastics Attsfiddd, MA  no data 14.0 tpy 25 003
Dow Chemical Freeport, TX no data 0.5 tpy 48 039
GE Pastics Burkville, AL nodata 0.2 tpy 01 085
GE Pastics Mt. Vernon, IN - 9.9tpy 20tpy 18 129
TOTAL 9.9 tpy 20.7 tpy

References
1. Morris, M. U.S. Environmenta Protection Agency, Emission Standards Division. HAP Emissions Information
[for Polycarbonates Production] provided to Brian Hnat, Eastern Research Group, Inc. June 10, 1998.
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APPENDIX A: NATIONAL ESTIMATES -Polyether Polyols Production

Methodology:

The estimatesfor Polyether Polyols Production were provided by David Svensgaard U.S. EPA/OAQPS, June 12,
1998. Therearefour HAPsin which calculations were made: Propylene Oxide, Hexane, Toluene, and Ethylene
Oxide.

References:

1. Svensgaard, D. U.S. Environmental Protection Agency, Emission Standards Division. HAP Emissions
Information [for Polyether Polyols Production] provided to Brian Hnat, Eastern Research Group, Inc. June 12,
1998.

A-229



APPENDIX A: NATIONAL ESTIMATES - Polymers & Resins lll

Subcategory - Chemical Manufacturing: Amino and Phenolic Resins

Methodology:

1992 base year estimates for Formaldehyde (600 tpy), Xylene (220 tpy), Methanol (235 tpy), and Phenol (205 tpy)
fromthis subcategory were provided by U.S. EPA/ESD. There are over 100 facilities producing amino and/or
phenolic resins (Schaefer, 1997).

Reference:
Schaefer, J. U.S. Environmental Protection Agency, Emission Standards Division. Personal communication with

E. Paik, Eastern Research Group, Inc. Emission estimates and facility locations for Acetal, Amino and Phenolic
Resins Production. July 18, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Polymers & Resins lll

Subcategory - Chemical Manufacturing: Polyacetal Resins

Methodology:

A 1992 base year estimate for this subcategory was provided by U.S. EPA/ESD. There are 3 facilities that produce
acetal resins and emit formaldehyde (Schaefer, 1997):

Facility Location Emissions State FIP County FIP
Dupont Parkersburg, WV 17.5tpy 54 107
Hoechst Cdlanese  Bishop, TX 2.0tpy 48 355
Ultraform Theodore, AL 12tpy 01 097
TOTAL 20.7 tpy

Thereare2 facilities that produce acetal resins and emit methanol (Schaefer, 1997):

Facility Location Emissions State FIP County FIP
Dupont Parkersburg, WV 7.5tpy 54 107
Hoechst Celanese  Bishop, TX 41.0tpy 48 355
TOTAL 48.5tpy

References:

Schaefer, J. U.S. Environmental Protection Agency, Emission Standards Division. Personal communication with
E. Paik, Eastern Research Group, Inc. Emission estimates and facility locations for Acetal, Amino and Phenolic
Resins Production. July 18, 1997.

A-231



APPENDIX A: NATIONAL ESTIMATES -Polystyrene Production

Methodology:

Approach:

National emissions were estimated by multiplying emission factors for polystyrene production by total national
polystyrene production. The emission factors were obtained from the Styrene L& E (EPA, 1993). Total national
polystyrene production was available for 1991 (McCaeb, 1993). It was assumed 1991 production did not differ
significantly from 1990 production.

Data Qualifiers:

(1) Emission factorswere only available for certain emission points, so this estimate may not include the entire
amount of emissions from this source category.

(2) Emission factorswere available only for uncontrolled operation, sothisnational estimateis for uncontrolled
emissions. The control status overall or for individual facilitiesis not known, although the source category is likely
regulated at the state and federal levels.

(3) Inmany cases, arange of emission factors for an emission point was published. The average of the range was
used in calculations.

(4) Emisson factors were available for both batch and continuous operation. The proportion of the two types of
operation was not known, so it was assumed that both are used equally.

(5) Because facility-specific dataare not available, the emissions allocated to specific counties may be an under- or
over-estimate of actual emissions.

References:
U.S. Environmental Protection Agency. Locating and Estimating Air Emissions from Sources of Styrene.
EPA-454/R-93-011. Research Triangle Park, North Carolina. April 1993. pp. 42-54.

McCaleb, K. E., ed. Chemical Originsand Markets, Sxth Edition. Chemical Marketing Research Center, SRI
International. Menlo Park, CA. 1993. pp. 85-86.
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APPENDIX A: NATIONAL ESTIMATES -Polystyrene Production

Methodology:

Emission Factors for Polystyrene Production (Ib styrene/ton resin)
Range Average
Continuous operation:
Feed dissolver (mixing tank) NA 0.018
Devolatilizer condenser vent 0.10 to |5.92 3.01
Styrene recovery unit condenser vent 0.10 to |0.26 0.18
Extruder quench vent 0.018 to 0.30 0.16
TOTAL Continuous Operation EF NA 3.37
Batch operation:
Reactor heading vent 0.3/ to 2.7 1.50
Devolatilizer condenser vent 05 to 15 1.00
Extruder quench vent 0.30 to |0.60 0.45
TOTAL Batch Operation EF NA 2.95

ACTIVITY DATA FOR POLYSTYRENE PRODUCTION

1991 Production (thousands) metric tons tons
Polystyrene Resins, |impact 808 889
" " straight 1068 1175
" " expandable bead 314 345
TOTAL 2409

TOTAL NATIONAL EMISSIONS OF STY RENE FROM POLYSTYRENE PRODUCTION
(Total Continuous Operation EF * 1/2 Total resin produced)

+ (Total Batch Operation EF * 1/2 Total resin produced)

(3.37 + 2.95) Ib styrene/ton resin * (0.5 * 2,409,000) tons polystyrene resin
7,612,440 Ib styrene

= 3806 tons styrene from uncontrolled polystyrene production
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APPENDIX A: NATIONAL ESTIMATES -Polyvinyl Chloride and Copolymers Production

Methodology:
Summary of Emission Estimation Method for Polyvinyl Chloride and Copolymer Production

An emission factor for hydrogen chloride and vinyl chloride emissions fromall polyvinyl production was developed
by summing the controlled emission rates (Ib/hr) given for dispersion, suspension, bulk, and solution polyvinyl
chloride resin plants (Reference 1). The 1990 baseline estimate was then cal culated by multiplying the controlled
emission factors by an activity factor. An activity factor of 8000 operational hours per year was assumed.

Uncontrolled 1990 national emission estimates for 1,3-butadiene, chloroprene, and vinylidene chloride were
developed by multiplying an emission factor by anational activity factor. Emisson factorsfor these pollutants were
taken fromthe US Environmental Protection Agency’s FIRE System Database (Reference 2). The 1990 U.S.
naional activity factor used was 9,096 million pounds of polyvinyl chloride resin produced (Reference 3). These
uncontrolled emission estimates were then corrected, based on the emission reductions targeted for vinyl chloridein
the proposed emission standard supporting document (Reference 1), and engineering judgement. A reduction factor
of 95% was gpplied to al uncontrolled estimates.

References:

1. U.S. Environmental Protection Agency. “Standard Support and Environmenta Impact Statement: Emission
Standard for Vinyl Chloride.” Research Triangle Park, North Carolina. October 1975.

2. U.S. Environmental Protection Agency. Factor Information Retrieval (FIRE) System Database, Version 6.01.
Research Triangle Park, North Carolina. 1998.

3. The Society of the Plastics Industry, Inc. “Facts and Figures of the U.S. Plastics Industry.” 1996.
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APPENDIX A: NATIONAL ESTIMATES -Polyvinyl Chloride and Copolymers Production

Methodology:

TABLE 1: 1990 Hazardous Air Pollutant Emissions from
Polyvinyl Chloride and Copolymer Production

Emission
Emission Factor Factor (Ib/hr) Control 1990 PVC Production Annual Emissions

Pollutant (Ib/ton PVC) (1) 2) Reduction (2) |(millions of pounds) (3) (tons/year)

1,3-Butadiene 4.20E-04 -- 0.95 9,096 4.78E-02
Chloroprene 8.00E-05 -- 0.95 9,096 9.10E-03
Hydrogen Chloride -- 32.6 0.98 n/a 1.30E+02
Vinyl chloride -- 288 0.95 n/a 1.15E+03
Vinylidene chloride 1.80E-04 -- 0.95 9,096 2.05E-02

References: (1) U.S. Environmental Protection Agency. Factor Information Retrieval
(FIRE) System Database, Version 6.01. Research Triangle Park, North
Carolina. 1998.
(2) Based on engineering judgement and data available from:
U.S. Environmental Protection Agency. "Standard Support and Environmental Impact
Statement: Emission Standard for Vinyl Chloride." Research Triangle Park,
North Carolina. October 1975.
(3) The Society of the Plastics Industry, Inc. "Facts and Figures of the
U.S. Plastics Industry." 1996.
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APPENDIX A: NATIONAL ESTIMATES -Portland Cement, excluding hazardous waste-fired

Methodology:
Portland Cement Non-Hazar dous Waste-fired

1990 Estimates for Portland Cement Non-Hazardous Waste-Fired Operations were provided by Joe Wood,
EPA/ESD. These estimates include:

Non-volatile HAP metals 160 tons/yr
Mercury 4 tonslyr
Hydrogen chloride 9,500 tonglyr
Dioxin/furans 43 g(TEQ)yr = 474 E -05tons (T EQ)/yr
Other organic HAPs 3,400 tonslyr

Non-volatile HAP metals and other organic HAPs could not be associated with a specific pollutant, so they could
not be included in thisinventory.

References

U.S. EPA, Request for datafrom BarbaraDriscol, U.S. EPA/OAQPS to Joe Wood, U.S. EPA/ ESD. Portland
Cement Manufacturing Industry MACT Source Category Emissons Estimates for 112K Purposes. December 1997.
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APPENDIX A: NATIONAL ESTIMATES -Primary Aluminum Production

Methodology:

Estimates for thefollowing two pollutants were taken from the Section 112(c)(6) report:
Polycyclic Organic Mater as 16-PAH and Polycyclic Organic Matter as 7-PAH.

Hydrogen Fluoride Emissions:

Primary aluminum production rates were given for 23 model plants, representing 6 different types of primary
aluminum production facilities (EPA, 1996). National baseline total fluoride (TF) emissions were calculated by
applying emission factors to the model plant production rates. Emissions of gaseous fluoride (as HF) were
calculated by multiplying the total fluoride emission estimates by aratio of HF to TF, based on facility type. HF
emission estimates were then summed across al production plant types to estimate national HF emissions. These
estimates are approximations of nationwide emissions based on ratios of pollutantsfor afew plants.

The 1990 national emission estimate for HF was calculated to be 2476 tons/year.

The remaining HAP estimates for Primary Aluminum Production were taken from the TRI database SIC Code =
3334, SIC Description = Primary Aluminum.

References:

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants. Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF),

Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report.
Research Triangle Park, North Carolina. June 1997.

U.S. Environmental Protection Agency. “Primary Aluminum Industry: Technical Support Document for Proposed
MACT Standards.” Officeof Air Quality Planning and Standards, Emission Standards Division. July 1996.

U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.
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APPENDIX A: NATIONAL ESTIMATES -Primary Battery, Dry and Wet Manufacture

Methodology:
The mercury estimates were reported in the 112(c)(6) report.t

Theremaining HAP estimates for Primary Battery, Dry and Wet Manufacture were taken fromthe TRI daabase
based on the following SIC Code: 3692 (Primary Batteries, Dry And Wet ).2

References

1.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetratchlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.
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APPENDIX A: NATIONAL ESTIMATES -Primary Copper Smelting

Methodology:

1990 Base Y ear emission estimates for primary copper smelters were calculated by summing stack emissions datat
and fugitive emissions date? for all eight primary copper facilities that were operating in 1990. The stack emissions
daaare actual emissions in 1992 whereas the fugitive emissions data are based on tests performed after 1992. The
fugitive emissions data, provided by the EPA,? arethe best available datato reflect fugitive emissions for Base Year
1990.

On thefollowing page, Table 1 presents national stack emission estimates and Table 2 presents nationa fugitive
emission estimates for primary copper smelters (8 facilities) operating in the United States. Table 3 presentstotal
naional emission estimates by pollutant, which were calculated by adding the stack emissions for a given pollutant
to the respective fugitive emissions for the same pollutant.

An example calculation isasfollows:
Arsenic total stack emissions (Tablel) = 35.72 Tons Per Year

Arsenic total fugitive emissions (Table2) = 40.83 Tons Per Year
Tota: 76.55 TonsPer Year

Therefore, the Base Y ear 1990 emission estimate for arsenic from primary copper smelters in the United
Statesis 76.55 tons per year (Table 3).

Additional pollutants were added using data from the Toxic Release Inventory® (SIC = 3331). A list of facilities
was provided to ERG in an EPA memorandum.* The following pollutants were added: Chlorine, Cresols, and
Methyl Chloroform.

References

1. Fina Summary Report: Primary Copper Smelters National Emisson Standard for Hazardous Air Pollutants
(NESHAP). U.S. EPA. July 1995.

2. Personal communication between Gene Crumpler (EPA/ESD) and Julie H. Tucker (Eastern Research
Group, Inc.). July 1997.

3. U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.

4, Melton, LulaH., Metals Group, U.S. Environmental Protection Agency. “Response to Information
Request”, May 11, 1998.
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APPENDIX A: NATIONAL ESTIMATES -Primary Copper Smelting

Methodology:

Table 1: Total Stack Emission Estimates for Primary Copper Smelters

Facilities in United
States in 1990 Total Stack Emissions by Pollutant (Tons Per Year)
[5)

© § g % % > § § -

Primary Copper 5 s £ g T = 3 El £ 5 3

Smelter Facility & 2 S 5 < g 2 2 = 3 8
1. Asarco- B Paso 257| 0.00f 0.24] 0.06] 876 0.00] 0.00] 0.09| 0.23] 0.15| 0.27
2. Asarco-Hayden 0.92| 0.00f 0.37] 0.21f 6.16/ 0.07] 0.02| 0.44| 0.12| 0.10| 0.00
3. Copper Range 19.04 0.00f 3.36] 2.60f 2160/ 0.56] 0.67| 255/ 0.27| 051 0.16
4. Cyprus-Miami 0.42| 0.00( 0.40| 0.01f b5.05| 0.08/ 0.02] 0.03| 0.16| 0.04] 0.00
5. Kennecott- Utah 7.24| 0.05( 0.10| 0.07 19.21| 0.07| 0.00] 0.08 0.15| 2.84| 0.10
6. Magma-San Manuel 3.95| 0.00( 0.34] 0.01f 5.99| 0.00f 0.02] 0.02f 0.85 0.04] 0.00
7. Phelps Dodge-Hurley 0.65| 0.01f 0.40] 0.03] 0.28/ 0.00f 0.00f o0.56| 0.08/ 0.15| 0.01
8. Phelps Dodge-Hidalgo| 0.93| 0.00f 2.44| 0.03] 0.56| 0.05| 0.00f 0.02f 0.03] 0.01] 0.03
TOTAL:| 35.72 0.06f 7.65| 3.02 67.61| 0.83] 0.73] 3.79| 1.89| 3.84| 0.57

NOTE:

Stack emissions data are from Table 6 in Reference 1. Stack emissions are based

on actual 1992 emissions.

Reference 1: "Final Summary Report: Primary Copper Smelters National Emission Standard
for Hazardous Air Pollutants (NESHAP)."EPA. July 1995.

Table 2: Total Fugitive Emission Estimates for Primary Copper Smelters

Facilities in United
States in 1990 Total Fugitive Emissions by Pollutant (Tons Per Year)
c ?

© 5 5 2 £ 2 | _ g | § -

Primary Copper 5 =) £ S 3 2 g £ E 3 g

Smelter Facility Z‘E 3 S 5 3 S S 2 < & 3
1. Asarco- B Paso 0.04| 0.00( 0.00/ 0.01f 0.05f 0.00f 0.00f o0.00f 0.01] 0.00] 0.00
2. Asarco-Hayden 3258 0.28] 1.13] 0.47| 5835 0.35 NR| 0.61| 1.70] 23.53| 0.32
3. Copper Range NR NR NR NR NR NR NR NR NR NR NR
4. Cyprus-Miami 0.21| 0.00f 1.68/ 0.09] 12.61f 0.00/ 0.00] 1.68| 0.84] 0.21] 0.00
5. Kennecott- Utah 136 0.01] 0.05] 0.02f 292| 0.02] 0.00f 0.02] 0.03] 0.37| 0.03
6. Magma-San Manuel 4.46| 0.00f 107/ 0.00f 397 0.01f 0.01] 0.00f 159 =2.12| 0.00
7. Phelps Dodge-Hurley 112 0.00| 4.20 NR| 4.40| 0.01 NR| 0.25| 0.01f 0.05( 0.03
8. Phelps Dodge-Hidalgo| 1.06 NR| 043 NR| 2.54| 0.02 NR| 0.52] 0.01f 0.29( 0.00
TOTAL:| 40.83| 0.29] 856| 0.59( 84.84] 0.41] 0.01] 3.08 4.19| 26.57| 0.38

NOTE:

NR= Emissions not reported

Fugitive emissions data provided by the EPA (Reference 2).

Reference 2:  Personal Communication betw een Gene Crumpler (EPA/ESD) and
Julie H. Tucker (Eastern Research Group, Inc.) July 1997.

Table 3: Base Year 1990 Emission Estimates for Primary Copper Smelters

Nationw ide Emissions from Primary Copper Smelters (Tons/Year)

(O]
(%]
IS € g 2 > z 1S
© =] = g < 5 _ o =) =
Primary Copper S = £ 15 ke o ° e E 5 E
it @ 5] & c s G ) © = < 2
Smelters (8 facilities) | % & O O 9 = S Z < %] o
Stack Emissions 35.72 0.06 7.65 3.02| 67.61| 0.83 0.73 3.79 1.89 3.84 0.57

o
i\
©

Fugitive Emissions 40.83 8.56] 0.59| 84.84] 0.41] 0.01f 3.08/ 4.19( 26.57| 0.38
Total Emissions 76.55| 0.35[ 16.21| 3.61|152.45| 1.24] 0.74] 6.87| 6.08] 30.41| 0.95
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APPENDIX A: NATIONAL ESTIMATES -Primary Lead Smelting

Methodology:

The mercury estimate was taken from the Section 112(c)(6) report.t For the rest of the pollutants, afacility list was
provided by ESD2, and the emission data were retrieved from the TRI database.3

References

1.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachl orodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

Cavender, K. Responseto “Primary Lead Smelting Emissionsrequest” sent by B. Kosmicki, Eastern
Research Group, Inc. January 6, 1998.

U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.
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APPENDIX A: NATIONAL ESTIMATES -Publicly Owned Treatment Works (POTW) Emissions

Methodology:

HAP emissions for POTWswere caculated by adding the individual HAP emission totalsfor 19 potential major
source POTWSsto an estimate of the individual HAP emissions for the remaining area source POTWSs. Emissions
from POTWs considered to be potentially major sources were taken directly from an EPA memorandum.t In this
memorandum,t, HAP emissions datawere provided for 19 POTWsthat the Association of Metropolitan Sewerage
Agencies (AMSA) hasidentified as potential major sources. HAP emissions were listed for each of the 19 POTWs
based on their modeled influent concentrations; not every POTW has the same influent characteristics, therefore
thereis a different set of HAP estimates for each POTW. Themgor source POTWSs only account for a portion of
the total wastewater treated in the nation, therefore, another emissions estimation methodology was adopted for the
remaining wastewater treated by area source POTWs.

In responding to adraft version of the Section 112(k) inventory, EPA provided technical comments on the
estimation of POTW HAP emissions from area sources? Aspart of that response, a memorandum?® was provided
that estimates national area source emissions from POTWSs. The estimates provided in that memorandum were
calculated using 1996 activity level datafor the amount of wastewater treated.  In order to better represent 21990
base year, the area source POTW emissions provided in the memorandum were scaled back using aratio of the
amount of wastewater treated in 1992 (29,500 million gallons per day) as compared to the amount of wastewater
treated in 1996 (32,175 million gallons per day). Both estimates of wastewater treated are based on nationa Needs
Survey data and are cited in the two referenced memoradum.®4 The base year 1992 estimate was used since there is
no Needs Survey estimate available for the 1990 base year.

Part 1 of spreadsheet below shows area source POTW emission estimates, scaled back to 1992. Part 2 of the
spreadsheet shows 1992 emission estimates for the 19 mgjor source POTWsand the total individual HAP emissions
for thisrecord, representing major source and area source POTWSs. It should be noted that effluent concentrations
vary significantly from community to community depending upon the industry dischargesto the POTW. Therefore,
these estimates only approximate actual emissions. The estimates given are on the national level; it isdifficult to
properly allocate these emissions to asingle POTW due to the inherent differences between facilities.®

References

1. Memorandum from Calvin Overcash, EC/R Inc. to Bob Lucas, EPAWCPG. “Review of Technical
Information Regarding HAP Emissions and Control for Potential Mgjor Sourcesin the Publicly
Owned Treatment Works Source Category.” June 27, 1997.

2. Memorandum from Bob Lucas, EPA to Greg Nizich, EPA. “Review of Baseline Emission Inventory.”
October 16, 1998.

3. M emorandum from Calvin Overcash, EC/R to Bob Lucas, EPA/WCPG. “Estimation of National Area
Source Emissions from POTW.” August 20, 1998.

4, L etter from Prakasam Tata, AMSA to Anne Pope, EPA/EFIG. “Comments Regarding Section 112(k) -
Urban Air Toxics Program Emissions Inventory for Publicly Owned Treatment Works (POTWs) and
Sewage Sludge Incinerators.” October 15, 1997.

5. Telephone Conversation Between Bob Lucas, EPA and Regi Oommen, ERG. luly 2, 1998.
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APPENDIX A: NATIONAL ESTIMATES -Publicly Owned Treatment Works (POTW) Emissions

Methodology:

Part 1: Area Source POTW Emissions
General formula for calculation/ 1992 national HAP emissions = 1996 base year emissions * ratio of 1992/1996 w astew ater treated

w here:
29,500 equals 1992 national w astew ater treated at POTWs in millions of gallons per day
32,175 equals 1996 national w astew ater treated at POTWs in millions of gallons per day
0.92 equals the ratio of 1992/1996 w astew ater treated
Major component? (If so, see next page
for total emissions. If not, then these
Pollutant 1996 emissions (tpy) [1992 emissions (tpy)| emissions represent national estimates)

1,1,2,2-Tetrachloroethane 0.12 0.11 N
1,1,2-Trichloroethane 0.08 0.07 N
1,2,4-Trichlorobenzene 5.92 5.43 N
1,2-Dichloropropane 0.79 0.72 N
1,3-Butadiene 1.72 1.58 N
1,4-Dichlorobenzene 14.76 13.53 N
1,4-Dioxane 1.23 1.13 N
2,4-Dinitrotoluene 3.30 3.03 N
2-Nitropropane 0.02 0.02 N
Acetaldehyde 21.27 19.50 N
Acetonitrile 23.67 21.70 N
Acrolein 26.30 24.11 N
Acrylonitrile 26.56 24.35 Y
Allyl Chloride 1.33 1.22 N
Benzene 463.01 424.52 Y
Benzyl Chloride 0.56 0.51 N
Biphenyl 5.16 4.73 N
Carbon Disulfide 297.43 272.70 Y
Carbon Tetrachloride 77.35 70.92 N
Chlorobenzene 33.13 30.38 N
Chloroform 442.22 405.45 Y
Chloroprene 1.63 1.49 N
Cresol (mixed isomers) 0.11 0.10 N
Dimethyl Sulfate 0.09 0.08 N
Epichlorohydrin 0.31 0.28 N
Ethyl Acrylate 0.12 0.11 N
Ethyl Benzene 527.28 483.44 Y
Ethylene Oxide 15.22 13.95 N
Formaldehyde 1.35 1.24 N
Glycol Ethers 791.56 725.75 Y
Hexachloro-1,3,-Butadiene 0.05 0.05 N
Hexachlorocyclopentadiene 0.04 0.04 N
M ethanol 785.16 719.88 Y
M ethyl Chloroform 38.75 35.53 Y
M ethyl Ethyl Ketone 195.83 179.55 Y
M ethyl Isobutyl Ketone 185.08 169.69 Y
M ethyl M ethacrylate 21.31 19.54 N
M ethyl Tert-B utyl Ether 4.37 4.01 N
N,N-Dimethylaniline 22.10 20.26 N
Naphthalene 90.00 82.52 N
Nitrobenzene 0.45 0.41 N
O-Toluidine 0.12 0.11 N
Propionaldehyde 0.24 0.22 N
Pro pylene Oxide 50.21 46.04 N
Styrene 187.99 172.36 Y
Tetrachloroethylene 293.47 269.07 Y
Toluene 842.39 772.35 Y
Trichloroethylene 21.05 19.30 Y
Vinyl Acetate 5.25 4.81 N
Vinyl Chloride 0.46 0.42 N
Vinylidene Chloride 29.01 26.60 N
Xylene 4,114.09 3,772.05 Y

Total: 5,556.91 5,094.92
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APPENDIX A: NATIONAL ESTIMATES -Publicly Owned Treatment Works (POTW) Emissions

Methodology:

Part 2: Total Emissions by HAP for 19 Potential Major POTWSs (tons/yr)

A-244

Carbon Ethyl Glycol Methyl
POTW ID Acrylonitrile| Benzene | Disulfide | Chloroform | Benzene Ethers Methanol |Chloroform
A
B 1.26
C 3.53 1.35 5.51
D 3.1
E
F
G 297 7.32 2.64
H
J 29.52 8.78
K
L 1.3
M 8.24 1.69 1.39 1.7
N
O 1.73
P 2.01 1.82
Q 2.16
S
T 4.66 3.54 1.97 17.44 3.22
u 8.13 21.38 1.22
Total Major 1.26 22.87 11.98 33.81 7.68 50.95 14.29 6.74
Total Area (from Part 1) 24.35 424.52 272.7 405.15 483.44 725.75 719.88 35.53
Total National Estimate 25.61 447.39 284.68 438.96 491.12 776.70 734.17 42.27
Methyl
Methyl Ethyl| Isobutyl Tetrachloro- Trichloro-
POTW ID Ketone Ketone Styrene ethylene Toluene ethylene Xylenes
A
B 2.75
C 4.83 2.74
D 31.05
E
F 1.16
G 1.34 3.59 3.67
H
J 4.75
K
L 1.46 1.15
M 1.58 15.3 3.26
N 1.25 1.16
o 1.3 1.79
P 7.31
Q 22 274
S 1.01
T 9.13 8.15 2.75 9.85
U 8.86
Total Major 4.75 4.83 2.75 22.07 43.88 2.75 55.1
Total Area (from Part 1) 179.55 169.69 172.36 269.07 772.35 19.3 3772.05
Total National Estimate 184.30 174.52 175.11 291.14 816.23 22.05 3827.15




APPENDIX A: NATIONAL ESTIMATES -Pulp and Paper Production (combustion) MACT I

Subcategory - Pulp and Paper: Combustion

Methodology:

A 1990 base year estimate for this source category was provided by U.S. EPA/ESD (Telander, 1997). Thereare
149 pulp and paper mills in the USwith chemical recovery combustion sources that will be subject to Section 112

regulation.

Acetaldehyde
Antimony
Arsenic
Benzene
Beryllium
Cadmium
Chromium
Cobalt
Formaldehyde
Hydrochloric Acid
Lead

References

Manganese

Mercury

Methanol

Methy! Ethyl Ketone
Methy! Isobutyl Ketone
Nickel

Phenol

Selenium

Styrene

Toluene

Xylene

Telander, J. U.S. Environmental Protection Agency, Emission Standards Division. Nationwide Baseline HAP
Emission Estimatesfor MACT [1--Chemical Recovery Combustion Sources at Kraft, Soda, Sulfite, and
Semichemical Pulp Mills. Provided to E. Paik, Eastern Research Group, Inc. September 9, 1997.
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APPENDIX A: NATIONAL ESTIMATES -Pulp and Paper Production (combustion) MACT I

Subcategory - Pulp and Paper: Kraft Recovery Furnaces

Methodology:

The Acetaldehyde 1990 base year estimate for this source category was provided by U.S. EPA/ESD (Holloway,
1997). There are 124 pulp and paper mills in the US with kraft recovery combustion sources that will be subject to
Section 112 regulation.

Polycyclic Organic Matter as 7-PAH, Polycyclic Organic Matter as 16-PAH, and Dioxins/Furans as 2,3,7,8-TCDD
TEQ estimates were reported in the Section 112(c)(6) report (U.S. EPA, 1997).

References

Holloway, T. MRI. Memo to B. Driscoll, U.S. Environmenta Protection Agency, Emission Standards Division.
“Nationwide Baseline Emission Estimatesfor 112(k) HAP's. NESHAP for Pulp and Paper Combustion Sources
(“MACT 11").” June 1997.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Pulp and Paper Production (combustion) MACT I
Subcategory - Pulp and Paper: Lime Kilns

Methodology:

A 1990 base year estimate for this source category was taken from the Section 112(c)(6)inventory effort (US EPA,
1997). Thereare 124 pulp and paper mills inthe USwith lime kilns. Emissionswere spatially allocated according
to the county proportion of national employment in SICs 261, 262, and 263 asfollows:

County Emissions = (County SIC Employment / National SIC Employment) x National Emissions.

References

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachl orodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES -Pulp and Paper Production (non-combustion) MACT |
Subcategory - Pulp and Paper Production (Non-Combustion) MACT |

Methodology:
Emission Estimates for Pulp & Paper MACT | (non-combustion)

1996 emission estimates were provided in an October 7, 1997 memo to Penny Lassiter and Steven Shedd
(EPA/OAQPS), “Summary of Database Outputs,” (Referencel). The emission estimates for non-chlorinated
compounds provided in this memo were considered to be representative of the 1990 baseline. The 1996 emission
estimates for chlorinated compounds were not considered to be representative of a 1990 baseline. Thisisdueto the
shift in production from Categories A and B mills (those with ahypochlorite stage, and those with no hypochlorite
stage and low leves of chlorine dioxide substitution), to Category C mills (those with no hypochlorite stage and high
levels of chlorine dioxide substitution) (References 2,3,4,5). To account for thisindustry change, an adjustment
factor, based on the production ratios between categories A, B, and C for 1990 and 1996, and the chloroform
emission factor for categories A, B, and C (Reference 6), was used to scale the 1996 chlorinated compound
emissions to 1990. Since the emission factors for dl chlorinated compounds are proportionate to chloroform (EPA
1997), the same adjustment factor is appropriate for any chlorinated compound.

The adjustment factor for chlorinated compounds was cd culated as follows:

-(-B\QG * EEA' + ' EBQG * F':D) + (p{*ge * F':r)
(Paso * EFa) + (Pgoo * EFs) + (Pcoo * EFc)

Where: Pags = Percent of Total 1996 Industry Production, Category A
Paso = Percent of Total 1990 Industry Production, Category A
Psgos = Percent of Total 1996 Industry Production, Category B
Psgo = Percent of Total 1990 Industry Production, Category B
Pcos = Percent of Total 1996 Industry Production, Category C
Pcoo = Percent of Total 1990 Industry Production, Category C
EFa = Chloroform Emission Factor, Category A
EFs = Chloroform Emission Factor, Category B
EFc = Chloroform Emission Factor, Category C

Example Calculations:
Non-chlorinated compounds:
Benzene: 56 Mglyr* 1.102311 ton/M g = 62 ton/yr

Chlorinated compounds:
Trichloroethylene: 477 Mglyr* 1.102311 ton/M g* 1/.644 = 816 tonlyr

References:

1. Memorandum from Greg DeAngdo (ERG) to Penny L assiter (EPA/OAQPS) and Seven Shedd (EPA/OAQPS).
October 7, 1998. “Summary of Database Outputs.”

2. Memorandum from Danny Greene (ERG) to Penny Lassiter (EPA/WCPG). February 29, 1996. “Baseline Level
of Controls.” (Docket Number A-92-40, IV-B-8).

3. Memorandum from John Pinkerton (NCASI) to Penny Lassiter and Steven Shedd (EPA). June 7, 1996. Untitled.
(Docket N umber A-92-40, 1V-D1-101).

4. 1990 National Census of Pulp, Paper, and Paperboard M anuf acturing Feacilities. OMB #2040-0144. (Docket
Number A-92-40, 11-A-36).

5. Miller Freeman. 1995. “1996 Lockwood Post’s Directory of Pulp, Paper, and Allied Trades.” (Docket Number
A-92-40, 1V-J-87).

6. US EPA. July 8, 1997. “Revised Draft: Chemical Pulping Emission Factor Development Document.” (Docket
Number A-92-40 IV-A-8).

A-248



APPENDIX A: NATIONAL ESTIMATES -Pulp and Paper Production (non-combustion) MACT |
Subcategory - Pulp and Paper: Sulfite Recovery

Methodology:

Methyl Chloride and Tetrachloroethylene estimates for the sulfite recovery process were provided by U.S.
EPA/ESD (Holloway, 1997). Thereare 12 sulfite mills inthe US with chemical recovery combustion sources that
will be subject to Section 112 regulation. Because their capacities were not known, emissions were allocated
equally to each of the mills.

Fecility Location State FIP  County FIP
Badger Paper Peshtigo, WI 55 075
Finch, Pruyn Glens Falls, NY 36 113
Georgia-Pacific--Nekoosa Paper  Port Edwards, WI 55 141
Great Northern Paper Millinocket, ME 23 019
ITT Rayonier FernandinaBeach, FL 12 089
ITT Rayonier Port Angeles, WA 53 009
James River Camas, WA 53 011
Ketchikan Pulp Ketchikan, AK 02 130
Procter & Gamble Mehoopany, PA 42 131
Scott Paper Everett, WA 53 061
Wausau Paper Brokaw, WI 55 073
Weyerhaeuser Paper Cosmopolis, WA 53 027
Refrences:

Holloway, T. MRI. Memo to B. Driscoll, U.S. Environmental Protection Agency, Emission Standards Division.
“Nationwide Baseline Emission Estimatesfor 112(k) HAP's: NESHAP for Pulp and Paper Combustion Sources
(“MACT II").” June, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Refractories Manufacturing

Methodology:

The 1990 baseline emissions were taken from information collected in 1997 and provided by Susan Zapata, U.S.
EPA/ESD, to Darcy Wilson, Eastern Research Group. The estimates for the Refractories Production source
category do not include contribution from tar/pitch bonded refractories and unfired refractories with HAP raw
materials. Theinformation provided represented 95% of the total facilities inthe U.S.

Pollutants estimated from this source caegory:

Chromium
Ethylene Glycol
Formaldehyde
Hydrochloric Acid
Hydrogen Fluoride
M ethanol

Phenol

Reference:

Zapata, Susan, U.S. EPA/ESD. Persona communication to Darcy Wilson, Eastern Research Group, “ Refractories
and Friction Products Manufacturing,” July 17, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Reinforced Plastic Composites Production

Methodology:

Emissions data for Reinforced Plastic Composites Production (RPC) were obtained from the Toxic Release
Inventory (TRI)!. Based on guidance from the U.S. EPA?, TRI was searched for datafrom facilities that report
under SIC Codes 2434, 2519, 2522, 2541, 2599, 2821, 3079, 3082, 3083, 3084, 3087, 3088, 3089, 3281, 3296,
3299, 3431, 3499, 3531, 3533, 3546, 3561, 3564, 3589, 3612, 3613, 3621, 3647, 3663, 3679, 3711, 3713, 3714,
3715, 3716, 3728, 3743, 3792, 3799, 3821, 3949, 3993, and 3999. A number of adjustments were made.

Facilities that were believed to be manufacturers of styrene or the polyester resin itself wereidentifiedin
part by reviewing the U.S. EPA’sdocument: Locating and Estimating Air Emissions from Sour ces of Syrene®,
These were removed from the TRI data. Facilitiesthat did not report emissions of styrene were not included in the
estimates.

The RPC source category overlaps the source category Surface Coating of Plastic Parts and Products for
several SIC Codes: 3089, 3647, 3711, 3713, 3714, 3715, 3716, 3799, 3821, 3949, and 3993. To prevent double
counting, emissions for thelist of pollutants that were thought to be related to coating operations were allocaed to
the Plagtic Parts and Products source category (see pollutants with asterisk in list below).

Because the Plastic Parts and Products Surface Coating source category addresses coating processes, any
styrene and methyl methacrylate emissions reported for the SIC Codes unique to the Plastic Parts and Products
Surface Coating source category were assumed to be related to fiberglassing operations and were alocated to the
RPC source category.

For styrene and methyl methacrylate emissions, ESD instructed ERG to double the TRI emissions.*® The
remaining HAPs estimated were taken directly from TRI without any adjustments:

1,3-Butadiene Cyanide M ethanol*
4,4-Methylenedianiline Diethanolamine Methyl Chloroform*
Acrylic Acid Dimethyl Phthalate Mehyl Ethyl Ketone*
Acrylonitrile Epichlorohydrin Methyl Isobutyl Ketone*
Antimony Ethyl Acrylate M ethylene Chloride*
Benzene* Ethylbenzene* Methylene Diphenyl Diisocyante
bis(2-ethylhexyl)phthalate Ethylene Glycol* Nickel
Chlorine Formal dehyde* Phenol
Chlorobenzene Glycol Ethers* Phthalic Anhydride
Chloroform Hydrochloric Acid Polycyclic Organic Mater as 16-PAH*
Chromium Hydrogen Fluoride Propylene Oxide
Cresols Lead Toluene*
Cumene Maleic Anhydride Trichloroethylene*

Manganese Xylene*

* HAPs associated with coating that were all ocated to the Plastic Parts and Products source category®.

References

1. U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995. CD-ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.

2. Strum, M. U.S. Environmental Protection Agency, Emission Standards Division. Personal communication
with D. Wilson, Eastern Research Group, Inc. Guidance on developing HAP emission estimates for the
Reinforced Plastic Composites Production source category.

3. U. S. Environmental Protection Agency. Locating and Estimating Air Emissions from Sources of Styrene.
Research Triangle Park, North Carolina. April 1993. EPA-454/R-93-011.

4, Email from M. Strum to D. Wilson. Re: Emission Inventory Efforts. July 28, 1998.

5. Email from M. Strum, U.S. EPA/ESD to Susan Buchanan, ERG. Questionsonthe MACT baseline
inventory comments-Reply. December 4, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Residential Heating: Anthracite Coal Combustion

Methodology:
The number of facilities isunavailable.

The activity comes from the 112(c)(6) report (U.S. EPA, 1997).

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
the following HAPs. These emission factors are from 10 facilitiesfiring bituminous, 8 facilitiesfiring
subbituminous, and 1 facility firing lignite. Factors gpply to boilers utilizing both wet limestone scrubbers or spray
dryerswith an electrostatic precipitator or fabricfilter. In addition, the factors gpply to boilers utilizing only an
electrostatic precipitator or fabric filter:

Acetaldehyde Bis(2-ethylhexyl) Phthalate Methyl Chloride Styrene
Acrolein Ethylene Dichloride M ethylene Chloride Tetrachloroethylene
Benzene Formaldehyde

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1996} for
arsenic, beryllium, cadmium, chromium, lead, manganese, mercury, and nickel. These emission factorsarefrom11
facilities firing bituminous, 15 facilities firing subbituminous, and 2 facilities firing lignite. Factors apply to boilers
utilizing either venturi scrubbers, spray dryer absorbers, or wet limestone scrubbers with an electrostatic precipitator
or fabric filter. In addition, the factors apply to boilers utilizing only an electrostatic precipitator, fabric filter, or
venturi scrubber.

The Emission Standards Division { Porter, 1998} supplied emission factors for dioxing/furans (as toxic equivaency
units) and POM as 16-PAH.

The emission factor for POM as 7-PAH was cal culated using the emission factors for benz[a]anthracene,
benzo[b,j,k]fluoranthene, benzo[a] pyrene, chrysene, and indeno[1,2,3-c,d]pyrene provided in AP-42 {US EPA,
1996} . These emission factors are fromsix stes firing bituminuous cod, four sites firing subbituminous coal, and
one site firing lignite. Factors goply to boilers using either wet limestone scrubbers or spray dryerswith an
electrostatic precipitator or fabric filter. In addition, the factors apply to boilers using only an electrostatic
precipitator or fabric filter. The emission factor for POM as EOM of 1.35 pound per short ton of coal was obtained
fromthe 112(c)(6) report { US EPA, 1997} .

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Commentson Industrial Boiler information in the
"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume | : Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES - Residential Heating: Anthracite Coal Combustion

Methodology:

Nationwide Emissions from Residential Anthracite Coal Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/ton coal) Reference (tons coal burned/year) (tons/year)
acetaldehyde 5.7E-04 Reference 2, 3 7.32E+05 2.09E-01
acrolein 2.9E-04 Reference 2, 3 7.32E+05 1.06E-01
arsenic 4.1E-04 Reference 2, 3 7.32E+05 1.50E-01
benzene 1.3E-03 Reference 2, 3 7.32E+05 4.76E-01
beryllium 2.1E-05 Reference 2, 3 7.32E+05 7.69E-03
bis(2-ethylhexyl)phthalate 7.3E-05 Reference 2, 3 7.32E+05 2.67E-02
cadmium 5.1E-05 Reference 2, 3 7.32E+05 1.87E-02
chromium 2.6E-04 Reference 2, 3 7.32E+05 9.52E-02
dioxins/furans (TEQ units) 3.5E-12 Reference 2 7.32E+05 1.28E-09
ethylene dichloride 4.0E-05 Reference 2, 3 7.32E+05 1.46E-02
formaldehyde 2.4E-04 Reference 2, 3 7.32E+05 8.78E-02
lead 4.2E-04 Reference 2, 3 7.32E+05 1.54E-01
manganese 4.9E-04 Reference 2, 3 7.32E+05 1.79E-01
mercury 8.3E-05 Reference 2, 3 7.32E+05 3.04E-02
methyl chloride 5.3E-04 Reference 2, 3 7.32E+05 1.94E-01
methylene chloride 2.9E-04 Reference 2, 3 7.32E+05 1.06E-01
nickel 2.8E-04 Reference 2, 3 7.32E+05 1.02E-01
POM as 7-PAH 3.9E-07 Reference 3 7.32E+05 1.42E-04
POM as 16-PAH 1.9E-05 Reference 2 7.32E+05 6.95E-03
POM as EOM 1.35E+00 Reference 1 7.32E+05 4.94E+02
styrene 2.5E-05 Reference 2, 3 7.32E+05 9.15E-03
tetrachloroethylene 4.3E-05 Reference 2, 3 7.32E+05 1.57E-02

Example Calculation:

National emissions (tons/year) = Emission Factor (Ib/ton) x National Activity Level (tons/year)/2,000 Ib/ton
National acetaldehyde emissions = 0.00057 x 732000/2000 = 0.209 tons/year

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional
Heating and Cooling information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Residential Heating: Bituminous and Lignite Coal Combustion

Methodology:
The number of fecilitiesis unavailable.

The adtivity comesfrom the 112(c)(6) report (U.S. EPA, 1997).

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 {US EPA, 1996} for
the following HAPs. These emission factors are from 10 facilitiesfiring bituminous, 8 facilitiesfiring
subbituminous, and 1 facility firing lignite. Factors apply to boilers utilizing both wet limestone scrubbers or spray
dryerswith an electrostatic precipitator or fabric filter. In addition, the factors apply to boilers utilizing only an
electrostatic precipitator or fabric filter:

Acetadehyde Bis(2-ethylhexyl) Phthalate Methyl Chloride Styrene
Acrolein Ethylene Dichloride M ethylene Chloride Tetrachloroethylene
Benzene Formaldehyde

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 {US EPA, 1996} for
arsenic, beryllium, cadmium, chromium, lead, manganese, mercury, and nickel. These emission factors are from
11 facilities firing bituminous, 15 facilities firing subbituminous, and 2 facilities firing lignite. Factors apply to
boilers utilizing either venturi scrubbers, spray dryer absorbers, or wet limestone scrubbers with an electrostatic
precipitator or fabric filter. In addition, the factors apply to boilers utilizing only an electrostatic precipitator,
fabric filter, or venturi scrubber.

The Emission Standards Division { Porter, 1998} supplied emission factors for dioxing/furans (as toxic equivaency
units) and POM as 16 PAH.

The emission factor for POM as 7 PAH was cal culated using the emission factors for benz[a]anthracene,
benzo[b,j,k]fluoranthene, benzo[a pyrene, chrysene, and indeno[1,2,3-c,d]pyrene provided in AP-42 {USEPA,
1996} . These emission factors are from six sites firing bituminuous coal, four sites firing subbituminous coal, and
one sitefiring lignite. Factors apply to boilers using either wet limestone scrubbers or spray dryers with an
electrostatic precipitator or fabric filter. In addition, the factors apply to boilers using only an electrostatic
precipitator or fabric filter. The emission factor for POM as EOM o 1.35 pound per short ton of cod was obtained from the
112(c)(6) report {US EPA, 1997}.

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in
the "Baseline Emission I nventory of HAP Emissions from MACT Sources -- Interim Final Report,”
September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition, AP-
42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Residential Heating: Bituminous and Lignite Coal Combustion

Methodology:

Nationwide Emissions from Residential Bituminous and Lignite Coal Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/ton coal) Reference (tons coal burned/year) (tons/year)
acetaldehyde 5.7E-04 Reference 2, 3 1.93E+06 5.50E-01
acrolein 2.9E-04 Reference 2, 3 1.93E+06 2.80E-01
arsenic 4.1E-04 Reference 2, 3 1.93E+06 3.96E-01
benzene 1.3E-03 Reference 2, 3 1.93E+06 1.25E+00
beryllium 2.1E-05 Reference 2, 3 1.93E+06 2.03E-02
bis(2-ethylhexyl)phthalate 7.3E-05 Reference 2, 3 1.93E+06 7.04E-02
cadmium 5.1E-05 Reference 2, 3 1.93E+06 4.92E-02
chromium 2.6E-04 Reference 2, 3 1.93E+06 2.51E-01
dioxins/furans (TEQ units) 3.5E-12 Reference 2 1.93E+06 3.38E-09
ethylene dichloride 4.0E-05 Reference 2, 3 1.93E+06 3.86E-02
formaldehyde 2.4E-04 Reference 2, 3 1.93E+06 2.32E-01
lead 4.2E-04 Reference 2, 3 1.93E+06 4.05E-01
manganese 4.9E-04 Reference 2, 3 1.93E+06 4.73E-01
mercury 8.3E-05 Reference 2, 3 1.93E+06 8.01E-02
methyl chloride 5.3E-04 Reference 2, 3 1.93E+06 5.11E-01
methylene chloride 2.9E-04 Reference 2, 3 1.93E+06 2.80E-01
nickel 2.8E-04 Reference 2, 3 1.93E+06 2.70E-01
POM as 7-PAH 3.9E-07 Reference 3 1.93E+06 3.75E-04
POM as 16-PAH 1.9E-05 Reference 2 1.93E+06 1.83E-02
POM as EOM 1.35E+00 Reference 1 1.93E+06 1.30E+03
styrene 2.5E-05 Reference 2, 3 1.93E+06 2.41E-02
tetrachloroethylene 4.3E-05 Reference 2, 3 1.93E+06 4.15E-02

Example Calculation:

References:

National emissions (tons/year) = Emission Factor (Ib/ton) x National Activity Level (tons/year)/2,000 Ib/ton
National acetaldehyde emissions = 0.00057 x 1930000/2000 = 0.550 tons/year

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Commercial/Institutional
Heating and Cooling information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.
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APPENDIX A: NATIONAL ESTIMATES -Residential Heating: Distillate Oil Combustion

Methodology:
10.1e6 homes use ditillate fuel astheir primary heat source (U.S. EPA, 1997).

The activity comes from the Section 112(c)(6) report (U.S. EPA, 1997).

The EPA Emission Standards Division (Porter, 1998) supplied emission factors based on AP-42 (EPA, 1998) for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor residual oil fired boilers. POM as 16-PAH was
calculated by summing the emission factorsfor fifteen PAH (acenaphthene, acenaphthylene, anthracene,
benz(a)anthracene, benzo(b,k) fluoranthene, benzo(g,h,i)perylene, chrysene, dibenzo(ah)anthracene, fluoranthene,
fluorene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene). The formaldehyde emission factor is
based only on data from utilitiesusing No. 6 oil. The higher heating value for distillate oil comes fromthe Emission
Standards Division (Porter, 1998).

The Emission Standards Division (Porter, 1998) supplied emission factors based on AP-42 (EPA, 1998) for arsenic,
beryllium, cadmium, chromium, lead, manganese, mercury, and nickel. Dataare for residual oil fired boilers.
Eighteen out of 19 sources were uncontrolled and 1 source was controlled with alow efficiency electrostatic
precipitator.

The Emission Standards Division (Porter, 1998) also supplied an emission factor for acetaldehyde. An emission
factor for POM as 7-PAH was taken from AP-42 (EPA, 1998).

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in the
"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September
18, 1998. November 13, 1998.

2. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1998.
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APPENDIX A: NATIONAL ESTIMATES -Residential Heating: Distillate Oil Combustion

Methodology:

Nationwide Emissions from Residential Distillate Oil Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1, 2) National Emissions
Pollutant (Ib/MM Btu Oil) Reference (MM Btu oil burned/year) (tonsl/year)
acetaldehyde 3.5E-05 Reference 2 8.46E+08 1.48E+01
arsenic 4.0E-06 Reference 2, 3 8.46E+08 1.69E+00
benzene 1.5E-06 Reference 2, 3 8.46E+08 6.34E-01
beryllium 3.0E-06 Reference 2, 3 8.46E+08 1.27E+00
cadmium 3.0E-06 Reference 2, 3 8.46E+08 1.27E+00
chromium 3.0E-06 Reference 2, 3 8.46E+08 1.27E+00
formaldehyde 2.4E-04 Reference 2, 3 8.46E+08 1.01E+02
lead 9.0E-06 Reference 2, 3 8.46E+08 3.81E+00
manganese 6.0E-06 Reference 2, 3 8.46E+08 2.54E+00
mercury 3.0E-06 Reference 2, 3 8.46E+08 1.27E+00
nickel 3.0E-06 Reference 2, 3 8.46E+08 1.27E+00
POM as 16-PAH 8.4E-06 Reference 2, 3 8.46E+08 3.55E+00
POM as 7-PAH 8.3E-08 Reference 3 8.46E+08 3.53E-02

References:

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1996.

Conversion of Activity level in gallons to MM Btu

Activity level, gallons = 6.04E+09 gallons/year
higher heating value = 1.40E+05  Btu/gallon
MM Btu = 1.00E+06 Btu
Activity level, MM Btu = 8.46E+08 MM Btulyr
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APPENDIX A: NATIONAL ESTIMATES - Residential Heating: Natural Gas Combustion

Methodology:
The number of facilitiesis unavailable.

The Emission Standards Division { Porter, 1998} supplied emission factors based on AP-42 { US EPA, 1998} for
benzene, formaldehyde, and POM as 16-PAH. Dataarefor all natural gas combustion sources. POM as 16-PAH
was cal cul ated by summing the emission factors for the five PAH (fluoranthene, fluorene, naphthalene,
phenanthrene, and pyrene) which had emission factors reported above the method detection limit. The higher
heating value for natural gas was supplied by the emissions standards division { Porter, 1998} .

The Emission Standards Division { Porter, 1998} also supplied an emission factor for acetaldehyde.

Adtivity datawere taken from the State Data Energy Report (U.S. DOE, 1992).

References

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,
U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial Boiler information in the

"Baseline Emission Inventory of HAP Emissionsfrom MACT Sources -- Interim Final Report," September
18, 1998. November 13, 1998.

2. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42 Update, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina.
1998.

3. Energy Information Administration (EIA). State Energy Data Report. Office of Energy Markets and End

Use, U.S. Department of Energy, Washington, DC. pp 39-344, 1992.
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APPENDIX A: NATIONAL ESTIMATES - Residential Heating: Natural Gas Combustion

Methodology:

Nationwide Emissions from Residential Natural Gas Combustion, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/MM Btu NG) Reference [ (MM Btu NG burned/year) (tons/year)
acetaldehyde 1.3E-08 Reference 2 4.30E+09 2.80E-02
benzene 2.1E-06 Reference 2, 3 4.30E+09 4.52E+00
formaldehyde 7.5E-05 Reference 2, 3 4.30E+09 1.61E+02
POM as 16-PAH 6.4E-07 Reference 2, 3 4.30E+09 1.38E+00

References:
1. Energy Information Administration (ElA). State Energy Data Report. Office of Energy

Markets and End Use, U.S. Department of Energy, Washington, D.C. pp 39 - 344, 1992.

2. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Industrial
Boiler information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

3. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42 Update, Volume I: Stationary Point and Area Sources. Research Triangle Park, North Carolina.

Conversion of Activity level in Btu to MM Btu
Activity level, btu = 4.30E+15 Btulyr
MM btu = 1.00E+06| Btu

Activity level, MM Btu = 4.30E+09 MM Btulyr
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APPENDIX A: NATIONAL ESTIMATES - Residential Heating: Wood/Wood Residue Combustion

Methodology:

Based onthe U. S. Department of Energy (DOE)* and other survey date?® there were an estimated 25
million residential wood burning appliancesin usein 1990. Of these, about 16 million were fireplaces, 9 million
were wood stoves. Of the 9 million wood stoves about 8.5 million were conventional non-certified wood stoves, 0.5
million were certified. Several variables affect emissions. Hundreds of types of wood burning appliancesarein use
and dozens of treespecies are used for fuel. Othersinclude: draft characteristics (chimney conditions), altitude, fuel
wood seasoning and storage practices (wood moisture), and operation of wood burning devices (burn rate, burn
duration, fuel size, damper setting and kindling approach). The wide range of combustion conditions and the
subgtantia differences in fuel chemistry cause emissionsto vary significantly from appliance to appliance.

Woodstove controls include catalytic converters which control emissonsin the same way ason an
automobile and non-catal ytic controls which use secondary combustion chambers and baffles.®

Nationally, residential wood consumption for fireplaces is 28% and 72% for woodstoves. ” Based on
Hearth Products Association surveys and asurvey conducted by the DOE, estimated rel ative woodstove appliance
usage for 1990 is as follows: non-certified conventional woodstoves, 95%, combined certified non-catalytic and
cataytic stoves, 5%. Of the 5% that are certified stoves, the breakdown between non-catalytic and catalytic is
50:50.8

EPA supplied emission factors for formaldehyde, arsenic, cadmium, chromium, lead, mercury, and
manganese® based on information in the AP-42 database.’® The conversion factor of 4500 Btu/lb fuel burned is also
takenfrom AP-42.1° All emission factors are for uncontrolled combustors. EPA° also supplied emission factors for
POM as 16 PAH, dioxin/furan in toxic equivalency units, and nickel.

References
1. U.S. Department of Energy, Energy Information Administration, 1993, Household Energy Consumption
and Expenditures 1990, DOE/EIA -0321(90).

2. Simmons Market Research Bureau, Inc., 1990, The 1990 Study of Mediaand Markets.

3. M ediamark Research Inc., 1989, Medimark Research, Household & Persona Appliances, Etc. Report.

4. U.S. Consumer Product Safety Commission, 1989, Room Heating Equipment Exposure Survey, Final
Report, OMB control no. 3041-0083.

5. Smith, Bucklin & Associates, Inc., Market Research & Statistics Division, 1992, The1991 Confidentia

Manufacturing Study, EPA Certified Cord Wood Burning Appliances, report to Hearth Products
Association, Arlington, VA.

6. U.S. Environmental Protection Agency. National Urban Area Source Emissions of Benzene, 1,3-
Butadiene, Formaldehyde, Trichloroethylene, Perchloroethylene, M ethylene Chloride, and Carbon
Tetrachloride. Final Report. Research Triangle Park, North Carolina. March 1996.

7. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachl orodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

8. Memorandum from Jim Houck, OMNI Environmental Services, Inc., to Adam Langmeaid, Eastern
Research Group. July 8, 1997. Wood burning appliance use base year 1990.
9. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to Anne Pope,

U.S. EPA/Emissions Monitoring and Analysis Division. Commentson Industrial Boiler information in the
"Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,”
September18, 1998. November 13, 1998.

10. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition and
Supplements, AP-42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North
Caralina. 1996.
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APPENDIX A: NATIONAL ESTIMATES - Residential Heating: Wood/Wood Residue Combustion

Methodology:

Activity: 3.38E+07|ton from residential sector in 1990

Estimate Estimate
Pollutant Name Factor (Ib/ton) (tons/yr) (Ib./yr)
Arsenic & Compounds (inorganic including Arsine) 8.50E-05 1.44E+00 2.87E+03
Cadmium and Compounds 2.10E-05 3.55E-01 7.10E+02
Chromium and Compounds 1.60E-04 2.70E+00 5.41E+03
Dioxins/Furans (as TEQ units) 2.50E-09 4.23E-05 8.45E-02
Formaldehyde 8.20E-03 1.39E+02 2.77E+05
Lead and Compounds 4.50E-04 7.61E+00 1.52E+04
Manganese and Compounds 1.30E-02 2.20E+02 4.39E+05
Mercury and Compounds 5.20E-06 8.79E-02 1.76E+02
Nickel and Compounds 2.10E-05 3.55E-01 7.10E+02
POM as 7 PAH 3.31E-05 5.60E-01 1.12E+03
POM as 16 P|AH 3.50E-03 5.92E+01 1.18E+05
Sample calcu||ation:
0.000085 Ib. Arsenic 3.38 e+7 tons of wood/wood residue 1 ton Arseinic
ton of wood/wood waste burned with 50 % moisture 2000 Ib. Arsenic
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APPENDIX A: NATIONAL ESTIMATES -Scrap Tire Combustion

Methodology:

The emission estimates for Dioxin/Furan, Polychlorinated Biphenyls, Polycyclic Organic Matter as 7-PAH,
and Polycyclic Organic Matter as 16-PAH were taken from the 112(c)(6) report (U.S. EPA, 1997). The
emission factors used to make the estimate are representative of atire-to-energy facility with aspray dryer

and flue gas desulfurization followed by afabric filter to control emissions. 1n 1990 there were 18
facilities.

References

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/2,3,7,8-Tetrachl orodibenzofuran

(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Secondary Aluminum Smelting

Methodology:

Cadmium and formaldehyde emissions for secondary aluminum smelting were estimated using emission factors
from EPA’s FIRE database.! These factors represent emissions from the burning and drying operations associated
with the processing of scrgp aluminumcans. There are other processes involved in secondary aluminum production
for which no factors were available. Cadmium emission factors were available for three different control
configurations. venturi scrubber, multiple cyclone, and baghouse. The formaldehyde emission factor representsa
unit with multiple cyclones.

An estimate of 1.4 million tons of used aluminum beverage cans processed in 1989 was used in estimating national
emissions and was obtained from AP-42.2

Estimates for dioxins/furans as 2,3,7,8-TCDD TEQ come fromthe Section 112(c)(6) report.®

Lead emissions were taken directly fromthe lead Locating and Estimating document.*

References:

1. U.S. Environmental Protection Agency. Factor Information Retrieva (FIRE) System Database, Version
5.1a. Research Triangle Park, North Carolina. September 1995.

2. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition and
Supplements, AP-42, Volume | Stationary Point and Area Sources. Research Triangle Park, North
Caralina. 1996.

3. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic

Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

4, U.S. Environmental Protection Agency. Locating and Estimating Air Emissions from Sources of Lead and
L ead Compounds. Draft Report. Research Triangle Park, North Carolina. July 1996.
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APPENDIX A: NATIONAL ESTIMATES - Secondary Aluminum Smelting

Methodology:

All factors in units of Ib of pollutant/lb cans processed

Pollutant
Cadmium
Formaldehyde

Calculate national emissions:

1989 national activity level:

Pollutant
Cadmium
Formaldehyde

Factor Factor Factor Avg. Factor
1.14E-08 1.40E-09 3.72E-08 1.67E-08
1.38E-07 1.38E-07

1.4 million tons of cans recycled
2800000000 Ibs of cans recycled
Iblyr tonsl/yr
46.67
386.40

0.023
0.193
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APPENDIX A: NATIONAL ESTIMATES - Secondary Copper Smelting

Methodology:

National cadmium emission estimates for Secondary Copper Smelting in 1990, along with the number of facilities,
are documented in the Locating and Estimating document for cadmium and cadmium compounds.t

Emission estimates for dioxing/furans as 2,3,7,8-TCDD TEQ were obtained from the Section 112(c)(6) report.2
L ead emissions from secondary copper production were taken from Reference 3.

References:
1. U.S. Environmental Protection Agency. September 1993. Locating and Estimating Air  Emissions from
Sources of Cadmium and Cadmium Compounds. EPA-452/R-93-040.

2. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachl orodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

3. U.S. Environmental Protection Agency. Nationa Air Pollution Emission Trends, 1990-1994. Research
Triangle Park, North Carolina. EPA-454/R-95-011. October, 1995.
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APPENDIX A: NATIONAL ESTIMATES - Secondary Lead Smelting

Methodology:

Dioxin/Furan Estimates are from the 112(c)(6) report (US EPA, 1997)

The following HAP estimates were provided by ESD (Cavender, 1997):

1,1,2,2-Tetrachloroethane Ethylbenzene
1,3-Butadiene Formaldehyde
1,3-Dichloropropane Hexane
Acetaldehyde Lead

A cetophenone Manganese

Acrolein Mercury
Acrylonitrile Methy| Bromide
Antimony Methyl Chloride
Arsenic Methyl Ethyl Ketone
Benzene Methyl lodide
Biphenyl Methylene Chloride
bis(2-ethylhexyl)phthalate Nickel

Cadmium Phenol

Carbon Disulfide Polycyclic Organic Matter as 16-PAH
Chlorobenzene Propionaldehyde
Chloroform Syrene

Chromium Toluene

Cumene Trichloroethylene
Dibutyl Phthalate Xylene

Ethyl Carbamate

References

Cavender, K. U.S. Environmental Protection Agency, Emission Standards Division. Information on secondary lead
smelting facilities provided to J. Johnson, Eastern Research Group, Inc. July 1997.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Secondary Mercury Production

Methodology:
Secondary Mercury

In 1990, there were four secondary mercury plants operating in the U.S.* Two of thefour plants reported to TRI?
and the reported data were used in thisinventory. For the remaining plants, it was assumed, based on other work
performed by EPA 2 that their emissions would be similar to those from the Mercury Refining Company in Latham,
NY.

REFERENCES

1. U.S. Environmental Protection Agency/ Office of Research and Development and Office of Air Quality
Planning and Standards. Mercury Report to Congress, Volume I1: An Inventory of Anthropogenic Mercury
Emissionsin the United States- SAB Review Draft. EPA 452/R-96-001b. Research Triangle Park, North
Carolina. June 1996.

2. U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1994 CD ROM (1990 Data).
EPA 749-C-96-003. Research Triangle Park, North Carolina. August 1996.

3. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachl orodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Secondary Mercury Production

Methodology:

Secondary Mercury Production

Location Mercury
Facilities City State Emissions (1
Bethlehem Apparatus Hellertow n PA 0.0025
Mercury Refining Co Latham NY 0.25
Adrow Chemical Co* Wanaque NJ 0.25
DF Goldsmith* Evanston IL 0.25
Total 0.7525

* = Assumed mercury emissions w ere similar to Mercury Refining Co.
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APPENDIX A: NATIONAL ESTIMATES - Secondary Zinc Production

Methodology:
See Cdculations

The number of facilities and emissions data used to calculate national emissions are documented in the reference
cited below.

References:

U.S. Environmental Protection Agency. September 1993. Locating and Estimating Air Emissions from Sources
of Cadmium and Cadmium Compounds. EPA-454/R-93-040.
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APPENDIX A: NATIONAL ESTIMATES - Secondary Zinc Production

Methodology:

Emission estimates for "Secondary Zinc from Metallic Scrap”, w hich are
documented in the 1993 Cadmium L& E (see above), are used to calculate
national Cadmium emission estimates for "Secondary Zinc Production."

National Cadmium
Source Category Emissions Units
Secondary Zinc From Metallic Scrap (13 facilities) 1,500 kglyear
Total: 1,500 kglyear
Convert from kg/year to tons/year: 1.65 kglyr * 2.2 Ibs/kg * ton/2000 Ibs
Secondary Zinc Production Total: 1.65 tons/year
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

The Dioxin/Furan, Mercury, Polychlorinated Biphenyls, Polycyclic Organic Matter as 7-PAH and Polycyclic
Organic Matter as 16-PAH estimates are taken directly from the Section 112(c)(6) report.r The remaining HAPsfor
Sewage Sludge Incineration were cal culated using an emission factor from AP-42.2

The reference for the number of facilities came from Gene Crumpler.® Thetotal activity level comes from a Federal
Register notice.* Survey results indicated that approximately 98% of all Sewage Sludge Incinerators are controlled,
with the controls being venturi scrubbers (VS), cyclone scrubbers (CS), impingement tray scrubbers (1S),
afterburners (AB), electrostatic precipitators (ES), and/or acombination of these® Therefore, all the emission
factors used for Sewage Sudge Incineration cal culations will be for those control devices. Based on the survey,
weighting factors for the various control device scenarios were established.

Approximately 80% of the furnaces are multiple-hearth, 15% are fluidized bed, and 3% are electric infrared
furnaces. Emission factors are available for a number of the inventory pollutants for multiple-hearth furnaces.
There areno emission factors, however, for electric infrared furnaces in AP-42, and few for fluidized bed. Since
M ultiple-Hearth and Fluidized Bed are the most common furnaces (95% of the total), only those factors are used.
The new weighting schemes are asfollows:

Multiple-Hearth: [80% x (100/95)] = 84.21 %
Fluidized Bed: [15% x (100/95)] = 15.79 %

The emissions estimated are based upon available emission factors for the various control scenariosidentified in the
PES survey,® and with the above furnace weighting percentages. If, however, thereis/are pollutant emission
factor(s) only available for a multiple-hearth furnace, then that/those factor(s) will be used to represent emissions for
the applicable pollutant(s) for the entire source category (i.e., al activity will be assigned to the multiple-hearth
furnace configuration).

Control factors were applied for the following scenarios: VS; CS, CS/VYIS; IS; VYIS, VSCS, VSIS/AB; and
VSYISES. However, emission factors for each of the pollutants were not available for all of these control scenarios.
That is, one pollutant may have emission factors for 3 of the above control scenarios, while another may have
emission factor for 5 of the control scenarios. Depending on the number of emission factors availablefor a
particular pollutant, those factors are weighted according to relative populations of the corresponding control
scenarios in the PES survey. For pollutants where afull set of emission factors was not available to represent every
control scenario in the PES survey, the relative weighting factors were adjusted to account for 100% of the activity
daa

References

1. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachl orodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzofuran
(TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated
Lead. Final Report. Research Triangle Park, North Carolina. June 1997.

2. U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 5th Edition,
AP-42, Volume |: Stationary Point and Area Sources. Research Triangle Park, North Carolina. 1995.

3. Crunpler, G. U.S. Environmental Protection Agency. Emission Standards Division. List of Part 503
Sewage Sludge Incinerators. Provided to D. Wilson, Eastern Research Group, Inc. January 8, 1997.

4. Federal Register. February 19, 1993. Standards for the Use or Disposal of Sewage Sludge; Final Rules.
F.R. 58:9248-9404.

5. Pacific Environmental Services (PES). Sewage Sludge Permit 503 Applications Database, Draft Version.
November 20, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of 1,1,2,2-Tetrachloroethane
Activity Level = 8.647E+05 metric tons/yr

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 100
Fluidized Bed 0

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level = 953173.57 |tons/yr
Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
(O 0.0119048
CSIVSIIS 0.1190476
IS 0.0238095 Therefore, uncontrolled = | 2.3809524 % of activity level
VSI/IS 0.3809524 controlled = 97.619048 | % of activity level
VS/CS 0.047619

VS/IS/IAB 0.2261905

VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609 | tons/yr
Controlled Activity Level = 930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Multiple Hearth Fluidized Bed

Emission Factor (Ib/ton) | Emission (Ib/yr) Emission Factor (Ib/ton) Emission (Ib/yr)
Uncontrolled
Controlled-VS 2.40E-02
Controlled-CS
Controlled-CSNVS/IS
Controlled-1S
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES
Average w eighted controlled 2.40E-02 22331.50 0.00
(this includes the wt factor)

Total Emissions (Ib/yr) 22331.50 Total Emissions (Ib/yr) 0.00

Multiple Hearth Wt. Percent Fluidized Bed Wt. Percent

(Iblyr) (Iblyr)

Emissions 22331.50 X 100.00 + 0.00 X 0
Total Emissions (Ib/yr) 22331.495
Total Emissions (tpy) 11.165748
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of 1,4-Dichlorobenzene

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
84.21
15.79

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
Cs 0.0119048
CS/IVS/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VSI/ISIES 0.0119048

22694.609 |tons/yr
930478.96 |tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/ISIAB
Controlled-VS/ISIES

Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

8.20E-04 18.61
4.80E-04
1.40E-05
4.28E-04 398.45
Total Emissions (Ib/yr) 417.06
Multiple Hearth Wt. Percent
(Ibfyr)
417.06 X 84.21 +
1482.5116
0.7412558
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2.3809524 % of activity level
97.619048 % of activity level

Fluidized Bed
Emission Factor (Ib/ton) Emission (Ib/yr)

7.70E-03
7.70E-03 7164.69
Total Emissions (Ib/yr) 7164.69
Fluidized Bed Wt. Percent
(Ibfyr)
7164.69 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Acetaldehyde
Activity Level = 8.647E+05 metric tons/yr

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 100
Fluidized Bed 0

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level = 953173.57 |tons/yr
Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
(O 0.0119048
CSIVSIIS 0.1190476
IS 0.0238095 Therefore, uncontrolled = | 2.3809524 % of activity level
VSI/IS 0.3809524 controlled = 97.619048 | % of activity level
VS/CS 0.047619

VS/IS/IAB 0.2261905

VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609 | tons/yr
Controlled Activity Level = 930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Multiple Hearth Fluidized Bed

Emission Factor (Ib/ton) | Emission (Ib/yr) Emission Factor (Ib/ton) Emission (Ib/yr)
Uncontrolled
Controlled-VS
Controlled-CS
Controlled-CSNVS/IS
Controlled-1S
Controlled-VS/IS 3.20E-04
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES
Average w eighted controlled 3.20E-04 297.75 0.00
(this includes the wt factor)

Total Emissions (Ib/yr) 297.75 Total Emissions (Ib/yr) 0.00

Multiple Hearth Wt. Percent Fluidized Bed Wt. Percent

(Iblyr) (Iblyr)

Emissions 297.75 X 100.00 + 0.00 X 0
Total Emissions (Ib/yr) 297.75327
Total Emissions (tpy) 0.1488766
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Acrylonitrile
Activity Level = 8.647E+05 metric tons/yr

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 100
Fluidized Bed 0

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level = 953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
Cs 0.0119048
CS/IVSI/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619

VS/IS/IAB 0.2261905

VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609 | tons/yr
Controlled Activity Level = 930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level
Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)
Uncontrolled 5.00E-02 1134.73

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS

Controlled-1S
Controlled-VS/IS 3.40E-02
Controlled-VS/CS 3.00E-04
Controlled-VS/IS/IAB 9.80E-04
Controlled-VS/ISIES
Average w eighted controlled 2.01E-02 18741.88
(this includes the wt factor)
Total Emissions (Ib/yr) 19876.61
Multiple Hearth Wt. Percent
(Iblyr)
Emissions 19876.61 X 100.00 +
Total Emissions (Ib/yr) 19876.607
Total Emissions (tpy) 9.9383034

A-275

2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed
Emission Factor (Ib/ton) Emission (Ib/yr)

0.00
Total Emissions (Ib/yr) 0.00
Fluidized Bed Wt. Percent
(Iblyr)
0.00 X 0



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Arsenic
Activity Level = 8.647E+05 metric tons/yr

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 84.21
Fluidized Bed 15.79

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level = 953173.57 |tons/yr
Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
(O 0.0119048
CSIVSIIS 0.1190476
IS 0.0238095 Therefore, uncontrolled = | 2.3809524 % of activity level
VSI/IS 0.3809524 controlled = 97.619048 | % of activity level
VS/CS 0.047619

VS/IS/IAB 0.2261905

VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609 | tons/yr
Controlled Activity Level = 930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Multiple Hearth Fluidized Bed

Emission Factor (Ib/ton) | Emission (Ib/yr) Emission Factor (Ib/ton) Emission (Ib/yr)
Uncontrolled 9.40E-03 213.33 4.40E-03 99.86
Controlled-VS 1.00E-04
Controlled-CS
Controlled-CSNVS/IS 1.70E-03
Controlled-1S
Controlled-VS/IS 1.20E-03 3.00E-05
Controlled-VS/CS 2.00E-04
Controlled-VS/IS/IAB 8.00E-05
Controlled-VS/ISIES 1.00E-05
Average w eighted controlled 7.57E-04 704.06 2.94E-05 27.35
(this includes the wt factor)

Total Emissions (Ib/yr) 917.39 Total Emissions (Ib/yr) 127.21

Multiple Hearth Wt. Percent Fluidized Bed Wt. Percent

(Iblyr) (Iblyr)

Emissions 917.39 X 84.21 + 127.21 X 15.79
Total Emissions (Ib/yr) 792.62152
Total Emissions (tpy) 0.3963108
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Benzene

Activity Level =

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 84.21
Fluidized Bed 15.79

8.647E+05

metric tons/yr

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level = 953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
CSs 0.0119048
CSIVS/IS 0.1190476
IS 0.0238095
VS/IS 0.3809524
VS/CS 0.047619
VS/IS/IAB 0.2261905
VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609
Controlled Activity Level = 930478.96

Therefore, uncontrolled = | 2.3809524 % of activity level
controlled =  97.619048 % of activity level

tons/yr

tons/yr

Emission = Emission Factor * Weight Factor*Activity Level
Multiple Hearth Fluidized Bed
Emission Factor (Ib/ton)

Uncontrolled 1.20E-02

Controlled-VS 2.80E-02
Controlled-CS
Controlled-CS/VS/IS

Controlled-IS

Controlled-VS/IS 1.30E-02
Controlled-VS/CS 7.00E-04
Controlled-VS/ISIAB 3.40E-04

Controlled-VS/ISIES
Average w eighted controlled 1.16E-02
(this includes the wt factor)

Total Emissions (Ib/yr)

Multiple Hearth

(Ib/yr)
Emissions 11072.19
Total Emissions (Ib/yr) 9382.6566
Total Emissions (tpy) 4.6913283

X

Emission (Ib/yr) Emission Factor (Ib/ton) |Emission (Ib/yr)
272.34
4.00E-04
10799.85 4.00E-04 372.19
11072.19 Total Emissions (Ib/yr) 372.19
Wt. Percent Fluidized Bed Wt. Percent
(Ib/yr)
84.21 + 372.19 X 15.79
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Beryllium

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
84.21
15.79

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
CS 0.0119048
CS/IVSI/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VSI/ISIES 0.0119048

22694.609 | tons/yr
930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES

Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

3.00E-04 6.81
1.80E-05
1.00E-05
1.19E-05 11.05
Total Emissions (Ib/yr) 17.86
Multiple Hearth Wt. Percent
(Iblyr)
17.86 X 84.21
15.099808
0.0075499
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2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed
Emission Factor (Ib/ton) Emission (Ib/yr)

4.00E-07
4.00E-07
4.00E-07 0.37
Total Emissions (Ib/yr) 0.37
Fluidized Bed

(Iblyr)
0.37 X

Wt. Percent

15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of bis(2-Ethylhexyl)phthalate

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
84.21
15.79

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
Cs 0.0119048
CS/IVS/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VSI/ISIES 0.0119048

22694.609 |tons/yr
930478.96 |tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/ISIAB
Controlled-VS/ISIES

Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

1.90E-03 43.12

6.40E-04

8.00E-05

5.78E-04 537.61
Total Emissions (Ib/yr) 580.73
Multiple Hearth Wt. Percent

(Ibfyr)

580.73 X 84.21

12536.688
6.268344
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+

2.3809524 % of activity level
97.619048 % of activity level

Fluidized Bed
Emission Factor (Ib/ton) |Emission (Ib/yr)

8.20E-02
8.20E-02 76299.27
Total Emissions (Ib/yr) 76299.27
Fluidized Bed Wt. Percent
(Ibfyr)
76299.27 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Cadmium
Activity Level = 8.647E+05 metric tons/yr

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 84.21
Fluidized Bed 15.79

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level = 953173.57 |tons/yr
Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
(O 0.0119048
CSIVSIIS 0.1190476
IS 0.0238095 Therefore, uncontrolled = | 2.3809524 % of activity level
VSI/IS 0.3809524 controlled = 97.619048 | % of activity level
VS/CS 0.047619

VS/IS/IAB 0.2261905

VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609 | tons/yr
Controlled Activity Level = 930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Multiple Hearth Fluidized Bed

Emission Factor (Ib/ton) | Emission (Ib/yr) Emission Factor (Ib/ton) Emission (Ib/yr)
Uncontrolled 3.70E-02 839.70 4.40E-03 4094.11
Controlled-VS 2.20E-04
Controlled-CS 3.40E-02
Controlled-CSNVS/IS 1.60E-02
Controlled-1S 2.40E-03 8.00E-04
Controlled-VS/IS 6.60E-03 1.10E-03
Controlled-VS/CS 2.60E-02
Controlled-VS/IS/IAB 6.00E-03
Controlled-VS/IS/ES 2.00E-04 2.00E-06
Average w eighted controlled 7.70E-03 7160.83 1.05E-03 978.39
(this includes the wt factor)

Total Emissions (Ib/yr) 8000.53 Total Emissions (Ib/yr) 5072.49

Multiple Hearth Wt. Percent Fluidized Bed Wt. Percent

(Iblyr) (Iblyr)

Emissions 8000.53 X 84.21 + 5072.49 X 15.79
Total Emissions (Ib/yr) 7538.1933
Total Emissions (tpy) 3.7690967
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Carbon Tetrachloride

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
84.21
15.79

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
CS 0.0119048
CS/IVSI/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VS/IS/ES 0.0119048

22694.609 | tons/yr
930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS

Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES
Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

2.00E-05 0.45
6.00E-05
1.40E-05
2.00E-06
3.66E-05 34.07
Total Emissions (Ib/yr) 34.53
Multiple Hearth Wt. Percent
(Iblyr)
34.53 X 84.21 +
32.600774
0.0163004
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2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed
Emission Factor (Ib/ton) |Emission (Ib/yr)

2.40E-05

2.40E-05 22.33
Total Emissions (Ib/yr) 22.33
Fluidized Bed Wt. Percent

(Iblyr)

22.33 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Chloroform

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

% in use
84.21
15.79

8.647E+05 metric tons/yr

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

VS

CS
CSIVS/IS
IS

VS/IS
VS/CS
VS/IS/AB
VS/IS/ES

wt factor

0.0238095
0.1547619
0.0119048
0.1190476
0.0238095
0.3809524

0.047619
0.2261905
0.0119048
22694.609 |tons/yr
930478.96 |tons/yr

Therefore, uncontrolled =
controlled =

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS

Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/ISIAB
Controlled-VS/ISIES
Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Emission Factor (Ib/ton)

6.00E-05
6.60E-03

2.60E-03
4.00E-05
9.80E-04

2.76E-03

Total Emissions (Ib/yr)

Multiple Hearth

(Ib/yr)
2570.85

2752.605
1.3763025

Multiple Hearth
Emission (Ib/yr)
1.36

2569.49

2570.85
Wt. Percent

X 84.21 +

A-282

2.3809524 % of activity level
97.619048 % of activity level

Fluidized Bed
Emission Factor (Ib/ton) |Emission (Ib/yr)

4.00E-03
4.00E-03 3721.92
Total Emissions (Ib/yr) 3721.92
Fluidized Bed Wt. Percent
(Ib/yr)
3721.92 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Chromium

Activity Level =

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 84.21
Fluidized Bed 15.79

Convert metric tons to standard tons by multiplying:

8.647E+05

metric tons/yr

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
CSs 0.0119048
CSIVSIIS 0.1190476
IS 0.0238095
VS/IS 0.3809524
VS/CS 0.047619
VS/IS/IAB 0.2261905
VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609
Controlled Activity Level = 930478.96

Therefore, uncontrolled =
controlled =

tonsl/yr
tonsl/yr

Emission = Emission Factor * Weight Factor*Activity Level

Multiple Hearth
Emission Factor (Ib/ton)

Uncontrolled 2.90E-02
Controlled-VS 1.00E-03
Controlled-CS 3.80E-03
Controlled-CS/VS/IS 2.70E-02
Controlled-IS 1.90E-02
Controlled-VS/IS 4.20E-03
Controlled-VS/CS 1.00E-03
Controlled-VS/IS/IAB 9.80E-03
Controlled-VS/ISIES 2.20E-04

Average w eighted controlled 7.92E-03
(this includes the wt factor)

Total Emissions (Ib/yr)

Multiple Hearth

(Iblyr)
Emissions 7371.44
Total Emissions (Ib/yr) 6280.2758
Total Emissions (tpy) 3.1401379

Emission (Ib/yr)

7371.44
7371.44
Wt. Percent

84.21
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2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed
Emission Factor (Ib/ton) Emission (Ib/yr)

6.40E-04

5.00E-04

6.00E-05

4.95E-04 460.99
Total Emissions (Ib/yr) 460.99
Fluidized Bed Wt. Percent

(Iblyr)

460.99 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Ethylene Dichloride

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
100
0

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 | tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
Cs 0.0119048
CS/IVS/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VSI/ISIES 0.0119048

22694.609 |tons/yr
930478.96 |tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS

Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/ISIAB
Controlled-VS/ISIES
Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

2.00E-05
8.00E-06
6.00E-05

3.29E-05 30.66

Total Emissions (Ib/yr) 30.66

Multiple Hearth Wt. Percent
(Ibfyr)

30.66 X 100.00

30.655052
0.0153275
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2.3809524 % of activity level
97.619048 % of activity level

Fluidized Bed
Emission Factor (Ib/ton) |Emission (Ib/yr)

0.00
Total Emissions (Ib/yr) 0.00
Fluidized Bed Wt. Percent
(Ibtyr)
0.00 X 0



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Formaldehyde

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
100
0

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
CS 0.0119048
CS/IVSI/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VSI/ISIES 0.0119048

22694.609 | tons/yr
930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES

Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

8.00E-04

2.60E-03

1.22E-03 1138.47

Total Emissions (Ib/yr) 1138.47

Multiple Hearth Wt. Percent
(Iblyr)

1138.47 X 100.00

1138.4684

0.5692342
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2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed
Emission Factor (Ib/ton) Emission (Ib/yr)

Total Emissions (Ib/yr) 0.00
Fluidized Bed Wt. Percent
(Iblyr)
0.00 X 0



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Lead
Activity Level = 8.647E+05 metric tons/yr

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 84.21
Fluidized Bed 15.79

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level = 953173.57 |tons/yr
Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
(O 0.0119048
CSIVSIIS 0.1190476
IS 0.0238095 Therefore, uncontrolled = | 2.3809524 % of activity level
VSI/IS 0.3809524 controlled = 97.619048 | % of activity level
VS/CS 0.047619

VS/IS/IAB 0.2261905

VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609 | tons/yr
Controlled Activity Level = 930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Multiple Hearth Fluidized Bed

Emission Factor (Ib/ton) | Emission (Ib/yr) Emission Factor (Ib/ton) Emission (Ib/yr)
Uncontrolled 1.00E-01 2269.46 4.00E-02 907.78
Controlled-VS 1.80E-03
Controlled-CS 6.00E-02
Controlled-CSNVS/IS 2.20E-02
Controlled-1S 4.00E-02 6.00E-03
Controlled-VS/IS 6.00E-02 1.60E-01
Controlled-VS/CS 6.00E-03
Controlled-VS/IS/IAB 1.00E-01
Controlled-VS/ISIES 2.00E-06
Average w eighted controlled 5.22E-02 48561.81 1.47E-01 136434.85
(this includes the wt factor)

Total Emissions (Ib/yr) 50831.27 Total Emissions (Ib/yr) 137342.64

Multiple Hearth Wt. Percent Fluidized Bed Wt. Percent

(Iblyr) (Iblyr)

Emissions 50831.27 X 84.21 + 137342.64 X 15.79
Total Emissions (Ib/yr) 64491.417
Total Emissions (tpy) 32.245709
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Manganese

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
84.21
15.79

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
Cs 0.0119048
CS/IVSI/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VS/IS/ES 0.0119048

22694.609 | tons/yr
930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES

Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

1.90E-02 431.20
6.60E-04
1.70E-03
1.67E-03 1552.49
Total Emissions (Ib/yr) 1983.69
Multiple Hearth Wt. Percent
(Iblyr)
1983.69 X 84.21 +
1758.6169
0.8793085
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2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed
Emission Factor (Ib/ton) |Emission (Ib/yr)

6.00E-04

6.00E-04 558.29
Total Emissions (Ib/yr) 558.29
Fluidized Bed Wt. Percent

(Iblyr)

558.29 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Methylene Chloride
Activity Level = 8.647E+05 metric tons/yr

Adjusted Percentages

Furnace Type % in use
Multiple Hearth 84.21
Fluidized Bed 15.79

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level = 953173.57 |tons/yr
Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

wt factor
Uncontrolled 0.0238095
Controlled VS 0.1547619
(O 0.0119048
CSIVSIIS 0.1190476
IS 0.0238095 Therefore, uncontrolled = | 2.3809524 % of activity level
VSI/IS 0.3809524 controlled = 97.619048 | % of activity level
VS/CS 0.047619

VS/IS/IAB 0.2261905

VS/ISIES 0.0119048
Uncontrolled Activity Level = 22694.609 | tons/yr
Controlled Activity Level = 930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Multiple Hearth Fluidized Bed

Emission Factor (Ib/ton) | Emission (Ib/yr) Emission Factor (Ib/ton) Emission (Ib/yr)
Uncontrolled 8.00E-04 18.16
Controlled-VS
Controlled-CS
Controlled-CSNVS/IS
Controlled-1S
Controlled-VS/IS 1.80E-03 1.40E-03
Controlled-VS/CS 6.00E-04
Controlled-VS/IS/IAB 8.00E-04
Controlled-VS/ISIES
Average w eighted controlled 1.37E-03 1272.22 1.40E-03 1302.67
(this includes the wt factor)

Total Emissions (Ib/yr) 1290.37 Total Emissions (Ib/yr) 1302.67

Multiple Hearth Wt. Percent Fluidized Bed Wt. Percent

(Iblyr) (Iblyr)

Emissions 1290.37 X 84.21 + 1302.67 X 15.79
Total Emissions (Ib/yr) 1292.3158
Total Emissions (tpy) 0.6461579
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APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Nickel

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
84.21
15.79

Convert metric tons to standard tons by multiplying:
(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
Cs 0.0119048
CS/IVS/IS 0.1190476
IS 0.0238095
VS/IS 0.3809524
VS/CS 0.047619
VS/ISIAB 0.2261905
VSI/ISIES 0.0119048

22694.609 |tons/yr
930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS

Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES
Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton)

1.60E-02 363.11

1.20E-04
1.60E-04
9.00E-03
8.20E-03
1.80E-03
7.00E-04
1.80E-03

2.50E-03 2328.72

Total Emissions (Ib/yr) 2691.84

Multiple Hearth Wt. Percent

(Iblyr)
2691.84

X 84.21

2876.6628
1.4383314

Therefore, uncontrolled =

controlled =

Emission (Ib/yr)

+
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2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed

Emission Factor (Ib/ton) |Emission (Ib/yr)

3.50E-02 794.31

3.40E-03

1.00E-05

3.30E-03 3068.04
Total Emissions (Ib/yr) 3862.35
Fluidized Bed Wt. Percent

(Iblyr)

3862.35 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Tetrachloroethylene

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
84.21
15.79

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
CS 0.0119048
CS/IVSI/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VSI/ISIES 0.0119048

22694.609 | tons/yr
930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES

Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

8.00E-04 18.16
4.00E-04
6.00E-04
4.47E-04 415.98
Total Emissions (Ib/yr) 434.13
Multiple Hearth Wt. Percent
(Iblyr)
434.13 X 84.21
400.84611
0.2004231
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2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed
Emission Factor (Ib/ton) Emission (Ib/yr)

2.40E-04

2.40E-04 223.31
Total Emissions (Ib/yr) 223.31
Fluidized Bed Wt. Percent

(Iblyr)

223.31 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Trichloroethylene

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
84.21
15.79

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 |tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
CS 0.0119048
CS/IVSI/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/ISIAB 0.2261905
VSI/ISIES 0.0119048

22694.609 | tons/yr
930478.96 | tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/IS/IAB
Controlled-VS/ISIES

Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

8.00E-04 18.16
9.00E-04
9.00E-04 837.43
Total Emissions (Ib/yr) 855.59
Multiple Hearth Wt. Percent
(Iblyr)
855.59 X 84.21 +
729.30496
0.3646525
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2.3809524 | % of activity level
97.619048 | % of activity level

Fluidized Bed
Emission Factor (Ib/ton) Emission (Ib/yr)

6.00E-05

6.00E-05 55.83
Total Emissions (Ib/yr) 55.83
Fluidized Bed Wt. Percent

(Iblyr)

55.83 X 15.79



APPENDIX A: NATIONAL ESTIMATES - Sewage Sludge Incineration

Methodology:

Calculating national emissions of Vinyl Chloride

Activity Level =

Adjusted Percentages
Furnace Type

Multiple Hearth
Fluidized Bed

8.647E+05 metric tons/yr

% in use
100
0

Convert metric tons to standard tons by multiplying:

(activity level)*(2204.6 Ib/metric ton)*(1 ton/2000Ib)

Therefore, new activity level =

953173.57 | tons/yr

Survey results indicate that Sew age Sludge Incinerators typically use Venturi Scrubbers (VS), Cyclone Scrubbers (CS),
Impingement Tray Scrubbers (IS), Afterburners (AB), Electrostatic Precipitators (ES), and/or a combination of these, as
control devices. The w eighting percentages were established. Control Devices w ere on 82 of the 84 Sew age Sludge

Incinerators in the survey.

Survey results for control devices

Uncontrolled
Controlled

Uncontrolled Activity Level =
Controlled Activity Level =

wt factor

0.0238095
VS 0.1547619
Cs 0.0119048
CS/IVS/IS 0.1190476
IS 0.0238095 Therefore, uncontrolled =
VS/IS 0.3809524 controlled =
VS/CS 0.047619
VS/IS/AB 0.2261905
VSI/ISIES 0.0119048

22694.609 |tons/yr
930478.96 |tons/yr

Emission = Emission Factor * Weight Factor*Activity Level

Uncontrolled

Controlled-VS
Controlled-CS
Controlled-CS/VS/IS
Controlled-IS
Controlled-VS/IS
Controlled-VS/CS
Controlled-VS/ISIAB
Controlled-VS/ISIES

Average w eighted controlled

(this includes the wt factor)

Emissions

Total Emissions (Ib/yr)
Total Emissions (tpy)

Multiple Hearth
Emission Factor (Ib/ton) | Emission (Ib/yr)

1.30E-02 295.03
7.40E-03
2.00E-03
6.80E-03 6327.26
Total Emissions (Ib/yr) 6622.29
Multiple Hearth Wt. Percent
(Ib/yr)
6622.29 X 100.00
6622.2869
3.3111434
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2.3809524 % of activity level
97.619048 % of activity level

Fluidized Bed
Emission Factor (Ib/ton) |Emission (Ib/yr)

0.00
Total Emissions (Ib/yr) 0.00
Fluidized Bed Wt. Percent
(Ib/yr)
0.00 X 0



APPENDIX A: NATIONAL ESTIMATES - Shipbuilding and Ship Repair (Surface Coating)

Methodology:

1990 base year estimates for the Shipbuilding and Ship Repair (Surface Coating) source category were devel oped
from based on data provided by U.S. EPA/ESD and from the Toxic Release Inventory (TRI). EPA provided 1990
use of certain solventsthat are HAPsin various coating industries.*? These HAPswere Toluene, Xylene, Glycol
Ethers, Methyl Ethyl Ketone, and Methy! |sobutyl Ketone. It is assumed that all solvent used in coatings and added
during coating application are emitted as the coating dries. For this effort, datafor the Marine: Commercia and
Maintenance” market segments were assumed to apply to the Shipbuilding and Ship Repair (Surface Coating)
MACT source category.

The remaining HAP estimates were taken from TRI .2 A list of 29 major Ship Building and Ship Repair facilities
from an EPA guidebook was used to extract datafrom TRI.* All report to SIC Code 3731--Ship building and
repairing. Any styrene and methyl methacrylate estimates associated with these facilities were considered to be part
of the Boat Manufacturing NESHAP and were not used for the Ship Building and Ship Repair MACT source
category.® Furthermore, any additional facilities reporting under SIC Code 3731 that were not on EPA s list of 29
were assigned to the Boat Manufacturing NESHAP.

Thefollowingisalist of HAPs estimated from the TRI database:

Acrylonitrile Lead

Chlorine Manganese

Chromium Methyl Chloroform

Diethanolamine M ethylene Chloride

Ethylbenzene Nickel

Ethylene Dichloride Polycyclic Organic Matter as 16-PAH

Ethylene Glycol Trichloroethylene

References

1. Salman, D. U.S. Environmental Protection Agency, Emission Standards Division. Personal

communication with E. Paik, Eastern Research Group, Inc. Confirming emissions and control status for
surface coating MACT standards. December 17 & 18, 1997.

2. Salman, D. U.S. Environmental Protection Agency, Emission Standards Division. Noteto B. Driscoll,
U.S. EPA. “HAP information for coatingsindustries.” June 20, 1997.

3. U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.

4. U.S. Environmental Protection Agency. A Guidebook on How to Comply with Shipbuilding and Ship
Repair (Surface Coating) Operations National Emission Standards for Hazardous Air Pollutants. EPA
453/B-97-001. January 1997.

5. Telephone conversation between Dr. Mohamed Serageldin, EPA, and Regi Oommen, ERG. July 22, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Softwood Drying Kilns

Methodology:
Emissions from Softwood Drying Kilns

The estimates of acetal dehyde and formal dehyde emissions in 1990 from softwood drying kilns
are provided by the National Council of the Paper Industry for Air and Stream Improvement, Inc.
At the timethe estimates were provided, it was acknowledged that due to large uncertaintiesin
the emission factors that were still under review, total nationwide estimates could differ from the
preliminary estimates provided.

Steam Hesated Kiln emissions + Direct Fired Kiln emissions = Softwood Drying Kiln emissions.

Acetaldehyde
27 tons + 15 tons = 42 tons acetd dehyde / year

Formaldehyde
54 tons + 23 tons = 77 tons formadehyde / year

Double counting of emissions of formaldehyde occurs between the NCASI estimate and the
estimatefor the Plywood Manufacturing MACT (15tons).  Subtracting the MACT estimate
from the NCASI estimatefor the Sawmills and Planing Mills, Genera category will result in the
contribution of formaldehyde from Softwood Drying Kilns.

77 tons formaldehyde (NCASI estimate) - 15 tons formadehyde (TRI estimate of portion
covered under MACT = 62tons/ year.

References:

1) National Council of the Paper Industry for Air and Stream Improvement, Inc. to L. McKelvey,
U.S. Environmental Protection Agency. Comments regarding the Draft Integrated Urban Air
Toxics Strategy. November 19, 1998.

A-294



APPENDIX A: NATIONAL ESTIMATES - Spandex Production

Methodology:

Emission estimates for Spandex Production are from 1990 TRI data (Reference 1). These datawere extracted from
TRI based on afacility list provided by U.S. EPA/ESD (Reference 2). There were 3 facilities operating in the U.S.
in 1990 that produced spandex. Two of these facilities (Globe Manufacturing facility in Massachusetts and North
Caroalina) only produced spandex whereas one facility (DuPont facility in Waynesboro, Virginia) is a multipurpose
facility that produced severa other productsin addition to spandex, in 1990. It is not possible to quantify the
Hazardous Air Pollutants (HAPs) listed in the TRI data for the DuPont facility that are attributed only to spandex
production because thisintegrated facility produced so many other products in 1990. Therefore, the emission
estimates (tons/year) for Spandex Production are based only on the two Globe Manufacturing facilities, as presented
below.

Mehylene Toluene-
Toluene Chloride 2,4-Diisocyanate
Facility Name  Location Emissions Emissions Emissions
Globe Mfg. Co. Fdls River, MA 171.300 0.000 0.000
Globe Mfg. Co. Gastonia, NC 93.950 12.700 0.128
TOTAL: 265.250 TPY 12.700 TPY 0.128 TPY
References:
1. U.S. Environmental Protection Agency. Toxics Release Inventory 1987-1995 CD ROM (1990 Data).
EPA 749-C-97-003. Research Triangle Park, North Carolina. August 1997.
2. Kissell, M.T. U.S. Environmenta Protection Agency, Emission Standards Division. Emission estimates
and facility locations for Spandex Fiber Production. Provided to E. Paik, Eastern Research Group, Inc.
July 24, 1997.
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APPENDIX A: NATIONAL ESTIMATES - Stationary Combustion Turbines

Methodology:

The adtivity level of 1,530 trillion BTU per year for natural gas fired turbines was provided by the Emissions
Standards Division { Porter, 1998}. The number was obtained by extrapolation assuming that the growth ratein
activity level for turbinesfrom 1978 to 1985 was the same as the growth rate from 1985 to 1978. A compound
growth rate was assumed. All turbines were assumed to be fired with natural gas.

The emission factors for acetaldehyde, benzene, formaldehyde, and POM as 16 PAH were provided by the
Emissions Standards Division { Porter, 1998} .

References:

Porter, Fred, U.S. Environmental Protection Agency, Emissions Standards Division. Noteto Anne Pope, U.S.
EPA/Emissions Monitoring and Analysis Division. Commentson Stationary Turbine informationin the “Baseline
Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,” September 18, 1998.
November 13, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Stationary Combustion Turbines

Methodology:

Calculating National Estimates for Acetaldehyde, Benzene, Formaldehyde, and POM as 16 PAH

Activity Level = 1.53E+09 MM Btu/yr natural gas

All turbines are assumed to be natural-gas-fired. Activity w as extrapolated from 1985 based on grow th from 1978 to 1985.
A compound grow th rate w as assumed.

Turbines used for electricity generation Turbines used for pipelines

Year Quadrillion Joules Year Quadrillion Joules
1978 488 1978 449
1985 781 1985 488
1990 1093 1990 518

1990 activity level = 781 x (e”(In(781/488)/7))"5 = 1093 1990 activity level = 488 x (e”(In(488/449)/7))"5 = 518
Total turbine activity = electricity + pipeline = 1093 + 518 = 1611 Quadrillion Joules
conversion to MM Btu = quadrillion joules x 0.000948 Btu/joule x 1,000,000,000 MM Btu/quadrillion joules
= 1611 x 0.000948 x 1,000,000,000 = 1,530,000,000 MM Btu

Nationwide Emissions from Natural-Gas-Fired Turbines, 1990

Emission National Activity Level National
Emission Factor Factor (Reference 1) Emissions
Pollutant (Ib/MM Btu) Reference | (MM Btu natural gas burned/year)| (tons/year)
Acetaldehyde 9.1E-05 Reference 1 1.53E+09 6.96E+01
Benzene 1.0E-05 Reference 1 1.53E+09 7.65E+00
Formaldehyde 7.1E-04 Reference 1 1.53E+09 5.43E+02
POM as 16 PAH 1.5E-06 Reference 1 1.53E+09 1.15E+00

Example Calculation:
National Emissions (tons/year) = Emission Factor (Ib/MM Btu) x National Activity Level (MM Btu/year)/2000 Ib/ton
National Acetaldehyde Emissions (tons/year) = 0.000091 Ib/MM Btu x 1,530,000,000 MM Btu/yr/2000 Ib/ton = 69.6 tons/year

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Stationary Turbine
information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.
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APPENDIX A: NATIONAL ESTIMATES - Stationary Internal Combustion Engines

Subcategory - Stationary IC Engines - Diesel

Methodology:

The activity level of 100 trillion Btu per year for diesdl oil-fired stationary internal combustion engineswas
provided by the Emissions Standards Division { Porter, 1998}. The number was obtained by extrapolation assuming
that the growth rate in activity level for turbines from 1978 to 1985 was the same as the growth rate from 1985 to
1990. A compound growth rate was assumed for pipeline engines and theratio of gasto oil engineswas assumed to
be the same in 1990 as 1978.

The emission factors for acetaldehyde, benzene, formaldehyde, POM as 16-PAH, arsenic, beryllium, cadmium,
chromium, lead, manganese, and mercury were provided by the Emissions Standards Division { Porter, 1998} .

The emission factors for POM as 7 PAH and POM as EOM were obtained from the 112(c)(6) report { US EPA,
1997}. Naphthalene was the only PAH detected.

References:

Porter, Fred, U.S. Environmental Protection Agency, Emissions Standards Division. Noteto Anne Pope, U.S.
EPA/Emissions Monitoring and AnalysisDivision. Comments on Stationary Internal Combustion Engine
information in the “Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,”
September 18, 1998. November 13, 1998.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachl orodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Stationary Internal Combustion Engines

Subcategory - Stationary IC Engines - Diesel

Methodology:

Calculating National Estimates for Acetaldehyde, Benzene, Formaldehyde, POM as 7-PAH, POM as EOM, POM as
16-PAH, Arsenic, Beryllium, Cadmium, Chromium, Lead, Manganese, and Mercury

Activity Level = 1.00E+08 MM Btu/yr diesel oil

Activity was extrapolated for pipeline engines from 1985 based on grow th from 1978 to 1985. A compound grow th rate
was assumed. Distribution betw een gas and oil fired engines w as assumed to be the same in 1990 as in 1978.

Engines used for electricity

generation (Quadrillion joules) Engines used for pipelines (Quadrillion joules)

Year Natural Gas Diesel Oil Natural Gas Diesel Oil
1978 25 31 1004 62
1985 15 43 1093 73
1990 26 34 1171 72

1990 activity level for electricity is assumed. pipeline 1990 activity level = 1166 x (e”(In(1166/1066)/7))"\5 = 1243

oil pipeline 1990 activity level = 1243 x 62/1066 = 72
Total oil engine activity = oil elect. + oil pipeline =34 + 72 = 106 Quadrillion Joules
conversion to MM Btu = quadrillion joules x 0.000948 Btu/joule x 1,000,000,000 MM Btu/quadrillion joules
=106 x 0.000948 x 1,000,000,000 = 100,000,000 MM Btu

Nationwide Emissions from Diesel-Oil-Fired Stationary Internal Combustion Engines, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/MM Btu) Reference (MM Btu diesel oil burned/year) (tons/year)
Acetaldehyde 2.5E-04 Reference 1 1.00E+08 1.25E+01
Arsenic 4E-06 Reference 1 1.00E+08 2.00E-01
Benzene 8.6E-04 Reference 1 1.00E+08 4.30E+01
Beryllium 3E-06 Reference 1 1.00E+08 1.50E-01
Cadmium 3E-06 Reference 1 1.00E+08 1.50E-01
Chromium 3E-06 Reference 1 1.00E+08 1.50E-01
Formaldehyde 1.0E-04 Reference 1 1.00E+08 5.00E+00
Lead 9.E-06 Reference 1 1.00E+08 4.50E-01
Manganese 6.E-06 Reference 1 1.00E+08 3.00E-01
Mercury 3.E-06 Reference 1 1.00E+08 1.50E-01
POM as 7 PAH 3.36.E-06 Reference 2 1.00E+08 1.68E-01
POM as EOM 7.9.E-02 Reference 2 1.00E+08 3.95E+03
POM as 16 PAH 4.0E-04 Reference 1 1.00E+08 2.00E+01

Example Calculation:

References:

1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Stationary Internal
Combustion Engine information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

National Emissions (tons/year) = Emission Factor (Ib/MM Btu) x National Activity Level (MM Btu/year)/2000 Ib/ton
National Acetaldehyde Emissions (tons/year) = 0.00025 Ib/MM Btu x 100,000,000 MM Btu/yr/2000 Ib/ton = 12.5 tons/year

2. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Palychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Stationary Internal Combustion Engines

Subcategory - Stationary IC Engines - Natural Gas

Methodology:

The activity level of 1,130 trillion Btu per year for natural gas-fired stationary internal combustion engines was
provided by the Emissions Standards Division { Porter, 1998}. The number was obtained by extrapolation assuming
that the growth rate in activity level for turbinesfrom 1978 to 1985 was the same as the growth rate from 1985 to
1990. A compound growth rate was assumed for pipeline engines and theratio of gasto oil engineswas assumed to
be the same in 1990 as 1978.

The emission factors for acetaldehyde, benzene, formaldehyde, and POM as 16-PAH were provided by the
Emissions Standards Division { Porter, 1998} . Naphthalene was the only PAH detected.

The emission factor for POM as 7 PAH was obtained fromthe 112(c)(6) report { US EPA, 1997}.
References:

Porter, Fred, U.S. Environmental Protection Agency, Emissions Standards Division. Noteto Anne Pope, U.S.
EPA/Emissions Monitoring and AnalysisDivision. Comments on Stationary Internal Combustion Engine
information in the “Baseline Emission Inventory of HAP Emissions from MACT Sources -- Interim Final Report,”
September 18, 1998. November 13, 1998.

U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)(6) Pollutants. Polycyclic Organic Matter
(POM), 2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)/ 2,3,7,8-Tetrachlorodibenzofuran (TCDF), Polychlorinated
Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and Alkylated Lead. Final Report. Research Triangle
Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Stationary Internal Combustion Engines

Subcategory - Stationary IC Engines - Natural Gas

Methodology:

Calculating National Estimates for Acetaldehyde, Benzene, Formaldehyde, POM as 7-PAH, and POM as
16-PAH

Activity Level = 1.13E+09 MM Btu/yr natural gas

Activity was extrapolated for pipeline engines from 1985 based on grow th from 1978 to 1985. A compound grow th
rate was assumed. Distribution betw een gas and oil fired engines w as assumed to be the same in 1990 as in 1978.

Engines used for electricity

generation (Quadrillion joules) Engines used for pipelines (Quadrillion joules)
Year Gas il Gas il
1978 25 31 1004 62
1985 15 43 1093 73
1990 26 34 1171 72

1990 activity level for electricity is assumed. pipeline 1990 activity level = 1166 x (e”(In(1166/1066)/7))"5 = 1243
gas pipeline 1990 activity level = 1243 x1004/1066 = 1171
Total gas engine activity = gas electricity + gas pipeline = 26 + : 1197 | Quadrillion Joules
conversion to MM Btu = quadrillion joules x 0.000948 Btu/joule x 1,000,000,000 MM Btu/quadrillion joules
=1197 x 0.000948 x 1,000,000,000 = 1,130,000,000 MM Btu

Nationwide Emissions from Natural-Gas-Fired Stationary Internal Combustion Engines, 1990

Emission National Activity Level
Emission Factor Factor (Reference 1) National Emissions
Pollutant (Ib/MM Btu) Reference |(MM Btu natural gas burned/year) (tonsl/year)
Acetaldehyde 4.2E-03 Reference 1 1.13E+09 2.37E+03
Benzene 1.7E-03 Reference 1 1.13E+09 9.61E+02
Formaldehyde 5.0E-02 Reference 1 1.13E+09 2.83E+04
POM as 7 PAH 2.2E-06 Reference 2 1.13E+09 1.24E+00
POM as 16 PAH 1.0E-04 Reference 1 1.13E+09 5.65E+01

Example Calculation:
National Emissions (tons/year) = Emission Factor (Ib/MM Btu) x National Activity Level (MM Btu/year)/2000 Ib/ton
Acetaldehyde Emissions (tons/year) = 0.0042 Ib/MM Btu x 1,130,000,000 MM Btu/yr/2000 Ib/ton = 2,370 tons/year
References:
1. Porter, Fred, U.S. Environmental Protection Agency, Emission Standards Division. Note to
Anne Pope, U.S. EPA/Emissions Monitoring and Analysis Division. Comments on Stationary Internal
Combustion Engine information in the "Baseline Emission Inventory of HAP Emissions from MACT Sources
-- Interim Final Report," September 18, 1998. November 13, 1998.

2. U.S. Environmental Protection Agency. 1990 Inventory of Section 112(c)6 Pollutants: Polycyclic
Organic Matter (POM), 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD)/2,3,7,8-Tetrachlorodibenzo-
furan (TCDF), Polychlorinated Biphenyl Compounds (PCBs), Hexachlorobenzene, Mercury, and
Alkylated Lead. Final Report. Research Triangle Park, North Carolina. June 1997.
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APPENDIX A: NATIONAL ESTIMATES - Structure Fires

Methodology:
Acrolein

The 1992 activity levels for acrolein and formal dehyde come from the 112(k) report (U.S. EPA, 1996). A similar
number of structure fireswas assumed to have occurred in 1990. The emission factors for acrolein and
formal dehyde come from the Air Toxics Emission Inventories for the Chicago Area (U.S. EPA, 1995).

References

U.S. Environmental Protection Agency. National Urban Area Source Emissions of Benzene, 1,3-Butadiene,
Formadehyde, Trichloroethylene, Perchloroethylene, M ehylene Chloride, and Carbon Tetrachloride. Final Report.
Research Triangle Park, North Carolina. March 1996.

U.S. Environmenta Protection Agency. Air Toxics Emissions Inventories for the Chicago Area. Draft report.
Washington D.C. July 1995.
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APPENDIX A: NATIONAL ESTIMATES - Structure Fires

Methodology:

ACROLEIN

Activity data: 7.50E+11 dry standard cubic feet (dscf)
Contol device: Not applicable

Emission factor: 2.55E-05 Ib poll/dscf

Estimate:

(2.55e-5 Ib/dscf)(7.5e+11dscf/yr)/2000Ib poll/ton poll= 9562.5 tons poll/yr
19125000/ Ibs poll/yr
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APPENDIX A: NATIONAL ESTIMATES -Taconite Iron Ore Processing

Methodology:
TaconiteIron OreProcessing

AP-42 provides 1989 activity datafor the 10 large processing plants that produce 99 percent of taconite
ironore. Kilnsarea source of lead and VOC HAP emissions resulting from iron ore processing. Other
taconite iron ore processes such as crushing and grinding emits particulate matter that is likely to contain
metal HAPs (U.S. EPA, 1997). Since datawere not available to speciate particulate emissions and to
determine the type of processes employed at each facility, HAP emissions due to particulates are not
estimated in this effort.

AP-42 statesthat natural gas-fired kilns are the most common kiln type used and that most large plants and
new plants use agrate/kiln. The combination of multicyclones and wet scrubbers is a common control
configuration for SO2 and PM in furnace waste gas. The estimate for lead uses an emission factor
available from AP-42 for agasfired grate/kiln with amulticyclone. The AP-42 VOC emission factor for
an uncontrolled gas-fired grate/kilnis used to estimate VOC emissions since control technologies do not
address VOCs. The VOC emission factor hasan “E” quality rating while the lead factor hasa“D” quality
rating (U.S. EPA, 1997). VOC emissions are speciated using a SPECIATE profile. For gas-fired taconite
iron ore processing kilns, SPECIATE provides a VOC profile for an uncontrolled gas-fired external
combustion boiler with a dataquality rating of “B” (U.S. EPA, 1995).

The following HAPs are emitted from this source category:

Benzene
Formaldehyde
Lead

Toluene

References
1. U.S. Environmenta Protection Agency. Emission Factor Documentation for AP-42 Section 11.23:
Taconite Ore Processing, Final Report. Research Triangle Park, North Carolina. February 1997.

2. U.S. Environmental Protection Agency. TOC/PM Speciation Data System, Version 2.03. Research
Triangle Park, North Carolina. May 1995.
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APPENDIX A: NATIONAL ESTIMATES -Taconite Iron Ore Processing

Methodology:
Taconite Iron Ore Processing
Activity (ref. 1
Total 1989 usable ore (fired pellets)
produced = 59,000 metric tons

Emission Factor (ref. 1)

VOC* 3.70E-03 Ib/ton
Lead** 5.00E-04 Ib/ton
Emissions

Emissions

=(metric tons produced/year) * (Ib emitted/ton produced) * (ton/2000 Ib) * (1.1 ton/metric ton)

VOC 1.20E-01 tonslyear
LEAD 1.62E-02 tons/year

Speciated VOC HAP Emissions = VOC Emission * % Total VOC/100%

% of Total VOC HAP

SPECIATE VOC Profile (ref. 2) VOC Emissions

ISOMERS OF HEXANE 1 kk

ISOMERS OF PENTANE 9 kk

METHANE 56 kk

PROPANE 4 kk

N-BUTANE 9 bl

N-PENTANE 6 bl

CY CLOHEXANE 1 bl
FORMALDEHYDE 8 9.61E-03 tons/year
BENZENE 4 4.80E-03 tonsl/year
TOLUENE 2 2.40E-03 tons/year
Total 100

*Emission factors for gas-fired grate/kilns, uncontrolled
*Emission factors for gas-fired grate/kilns with multiclone
** Not a HAP
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APPENDIX A: NATIONAL ESTIMATES -Tire Production

Methodology:

Emissions associated with the manufacture of tires are based on amodel plant developed by INDUSfor the EPA’s
MACT development effort. The model plant was assumed to have a production rate of 40,000 tire/day for 360
days/year or 14,400,000 tires/year.

Emission factors for each of the processes composing tire production were taken from a study performed by the
Rubber Manufacturers Association.! Emissions from the cementing and building processes could not be included
because speciated data were not available. The study lists emission factors for several types of rubber compound
recipes. At EPA’sdirection, only datafor Compound Recipes #1 through #7 were summed for mixing, milling,
extrusion, and calendering. The mean of different tireswas used for tire curing. For grinding, an average was
calculated for sidewall, carcass, and belt grinding. These emissions factors were applied to the pounds of rubber
processed in each process of the model plant to estimate emissions from the model plant for each of the pollutants.

Although emission factors were provided for o-Cresol separately from emission factors for m- and p-Cresols
combined, for this effort the emission factors were all combined into one emission factor for Cresols (mixed
isomers).

To obtain aggregated per tire emission factors, the model plant process emissions were summed for each pollutant
and divided by the model plant annual tire production (14,400,000 tires/yr).® These aggregated per tire emission
factorswere multiplied by the actual 1990 tire production (264,262,000 tires) to estimate annual emissions for that
base year.2

A list of facilities was taken from an INDUS report* and FIP state and county codes were assigned to each facility.
Tony Wayne, EPA/OAQPS, approximated the capacity of the facilities on the list and national emissions were
proportioned to these facilities rel ative to these approxi mate capacities.

References:

1. Letter from Dale A. Louda, Manager of Regulatory Affairs, Rubber Manufacturers Association to Ron
Ryan, EPA/OAQPS, June 6, 1995.

2. Rubber Manufacturers Association, Monthly Tire Report, December 1990.

3. L etter from Waly Sanford, INDUS Corporation, to Tony Wayne, EPA/OAQPS, Rubber Tire Manufacture

NESHAP: Revised Emission Estimates, March 14, 1997.

4, L etter from Wally Sanford, INDUS Corporation, to Tony Wayne, EPA/OAQPS, Rubber Tire Manufacture
NESHAP, September 30, 1996.
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APPENDIX A: NATIONAL ESTIMATES -Tire Production

Methodology:

MODEL PLANT PARAMETERS
Rubber
Processed
Process (Ibs/yr)  EF Type

Mixing 3.24E+08 a

Milling 6.48E+08 b

Extrusion 1.94E+08 c

Calendering 1.30E+08 d

Cementing 3.24E+08 Currently no speciated data for this process
Building 3.24E+08 Currently no speciated data for this process
Curing 3.24E+08 e

Grinding 3.24E+06 f

EMISSION FACTORS (Ib/Ib rubber)

Pollutants a b c d e f
1,1,1-Trichloroethane 2.0E-06 1.7E-07 1.8E-07 5.3E-08 2.0E-07
1,1,2,2-Tetrachloroethane 2.1E-06
1,1,2-Trichloroethane 2.1E-06 2.1E-07
1,1-Dichloroethane 2.1E-06 2.1E-07
1,1-Dichloroethene 2.5E-06 2.1E-07
1,2,4-Trichlorobenzene 5.6E-08| 2.4E-08| 3.5E-08 2.6E-09 9.0E-09
1,2-Dibromo-3-chloropropane 4.2E-06 4.7E-08 4.4E-07 1.6E-07 4.3E-07
1,2-Dibromoethane 2.1E-06 2.1E-07
1,2-Dichloroethane 2.1E-06 1.2E-07 2.1E-07
1,2-Dichloropropane 2.1E-06 2.1E-07
1,3-Butadiene 9.1E07| 4.0E-08| 6.0E-07 1.1E-08 4.3E-07 2.5E-05
1,4-Dichlorobenzene 2.1E-06| 2.1E-08 1.8E-08 5.5E-08 4.3E-08 2.0E-06
1,4-Dioxane 8.4E-06 8.5E-07
1,4-Phenylenediamine 1.3E-07
2,2,4-Trimethylpentane 9.6E-08 4.2E-05
2,4,5-Trichlorophenol 8.0E-08 3.1E-08 5.3E-08 3.4E-09
2,4,6-Trichlorophenol 8.1E-08 3.2E-08 5.1E-08 3.6E-09
2,4-Dinitrophenol 2.86-07| 1.1E-07 1.8E-07 1.1E-08
2,4-Dinitrotoluene 7.7E-08| 2.8E-08 4.5E-08 3.2E-09
2-Butanone 1.5E-05 1.3E06 2.5E-07 2.6E-07 7.8E-07 2.0E-05
2-Butene 1.2E-06
2-Chloroacetophenone 1.6E-08
3,3"-Dichlorobenzidine 1.7E-07
3,3'-Dimethoxybenzidine 2.1E07| 1.8E-08 8.5E-08 6.0E-09
3,3'-Dimethylbenzidine 7.2E-08| 7.4E-09 3.2E-08 2.2E-09
4,4'-Methylenedianiline 1.3E-07 1.5E-08| 6.4E-08 3.8E-09
4,6-Dinitro-2-methylphenol 1.9E-07
4-Aminobiphenyl